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SIGNAL PROCESSING 
NEW RELEASES 



GENERAL INFORMATION 


AD590 

AD7520 

AD7521 

AD7523 

AD7530 

AD7531 

AD7533 

AD7541 

AD7545 

ADC0802 

ADC0803 

ADC0804 

CA124 

CA139 

CA158 

CA224 

CA239 

CA258 

CA324 

CA339 

CA358 


Alpha Numeric Product Index 

95 NEW 

RELEASES 94 DAQ 


DB314 DB301B 

2 Wire Current Output Temperature Transducer - 1 4-3 

10-Bit, 12-Bit Multiplying D/A Converters - 8-5 

10-Bit, 12-Bit Multiplying D/A Converters - 8-5 

8-Bit Multiplying D/A Converters - 8-13 

10-Bit, 12-Bit Multiplying D/A Converters - 8-5 

10-Bit, 12-Bit Multiplying D/A Converters - 8-5 

8-Bit Multiplying D/A Converters - 8-13 

12-Bit Multiplying D/A Converter - 8-21 

12-Bit Buffered Multiplying CMOS DAC - 8-28 

8-Bit jL-tP Compatible A/D Converters - 5-3 

8-Bit jliP Compatible A/D Converters - 5-3 

8-Bit |jP Compatible A/D Converters - 5-3 


Quad Operational Amplifiers for Commercial, Industrial, 
and Military Applications 

Quad Voltage Comparators for Industrial, Commercial and 
Military Applications 

Dual Operational Amplifiers for Commercial Industrial, and 
Military Applications 

Quad Operational Amplifiers for Commercial, Industrial, and 
Military Applications 

Quad Voltage Comparators for Industrial, Commercial and 
Military Applications 

Dual Operational Amplifiers for Commercial Industrial, and 
Military Applications 

Quad Operational Amplifiers for Commercial, Industrial, and 
Military Applications 

Quad Voltage Comparators for Industrial, Commercial and 
Military Applications 

Dual Operational Amplifiers for Commercial Industrial, 
and Military Applications 


94 DSP 93 LIN 
DB302B DB500B 


2- 19 

3- 3 

2-26 

2- 19 

3- 3 

2-26 

2- 19 

3- 3 

2-26 


NOTE: Bold Type Designates a New Product from Harris. 
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Alpha Numeric Product Index (continued) 

95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 

DB314 DB301B DB302B DB500B 

CA555 Timers for Timing Delays and Oscillator Applications in 

Commercial, Industrial and Military Equipment - - - 7-3 

CA741 High Gain Single and Dual Operational Amplifiers for Military, 

Industrial and Commercial Applications - - - 2-37 

CA1391 TV Horizontal Processors - - - 7-9 

CA1394 TV Horizontal Processors - - - 7-9 

CA1 458 High Gain Single and Dual Operational Amplifiers for Military, 

Industrial and Commercial Applications - - - 2-37 

CA1 558 High Gain Single and Dual Operational Amplifiers for Military, 

Industrial and Commercial Applications - - - 2-37 

CA2904 Dual Operational Amplifiers for Commercial Industrial, and 

Military Applications - - - 2-26 

CA3018 General Purpose Transistor Arrays - - - 6-5 

CA3020 Multipurpose Wide-Band Power Amps Military, Industrial and 

Commercial Equipment at Frequency Up to 8MHz - - - 2-43 

CA3028 Differential/Cascode Amplifiers for Commercial and Industrial 

Equipment from DC to 120MHz - 5-3 

CA3039 Diode Array - - - 6-11 

CA3045 General Purpose N-P-N Transistor Arrays - - - 6-15 

CA3046 General Purpose N-P-N Transistor Arrays - - - 6-15 

CA3049 Dual High Frequency Differential Amplifiers For Low Power 

Applications Up 500MHz - - - 5-15 

CA3053 Differential/Cascode Amplifiers for Commercial and Industrial 

Equipment from DC to 120MHz - - - 5-3 

CA3054 Transistor Array - Dual Independent Differential Amp for Low 

Power Applications from DC to 120MHz - - - 5-24 

CA3060 Operational Transconductance Amplifier Arrays - - - 2-52 

CA3078 Micropower Operational Amplifier - - - 2-64 

CA3080 Operational Transconductance Amplifier (OTA) - - - 2-73 

CA3081 General Purpose High Current N-P-N Transistor Arrays - - - 6-21 

CA3082 General Purpose High Current N-P-N Transistor Arrays - - - 6-21 

CA3083 General Purpose High Current N-P-N Transistor Array - - - 6-24 

CA3086 General Purpose N-P-N Transistor Array - - - 6-28 

CA3089 FM IF System - - - 7-13 

CA3094 Programmable Power Switch/Amplifier for Control and General 

Purpose Applications - - - 2-86 

CA3096 N-P-N/P-N-P Transistor Array - - - 6-33 

CA3098 Programmable Schmitt Trigger - with Memory Dual Input 

Precision Level Detectors - - - 3-7 

CA3100 Wideband Operational Amplifier - - - 2-101 

CA3102 Dual High Frequency Differential Amplifiers For Low Power 

Applications Up 500MHz - - - 5-15 

CA3126 TV Chroma Processor - - - 7-20 

C A3 127 High Frequency N-P-N Transistor Array - - - 6-46 

CA3130 BiMOS Operational Amplifier with MOSFET Input/CMOS Output . . - - - 2-108 


NOTE: Bold Type Designates a New Product from Harris. 
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Alpha Numeric Product Index (continued) 

95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 

CA3140 BiMOS Operational Amplifier with MOSFET Input/Bipolar Output . . - - - 2-123 

CA31 41 High-Voltage Diode Array For Commercial, Industrial & 

Military Applications - - - 6-52 

CA3146 High-Voltage Transistor Arrays - - - 6-55 

CA3160 BiMOS Operational Amplifiers with MOSFET Input/CMOS Output . - - - 2-143 

CA3161 BCD to Seven Segment Decoder/Driver - 12-3 - - 

CA3162 A/D Converter for 3-Digit Display - 2-5 - - 


CA3183 High-Voltage Transistor Arrays - - 6-55 

CA3189 FM IF System - - - 7-29 

CA3193 BiCMOS Precision Operational Amplifiers - - - 2-160 

CA3194 Single Chip PAL Luminance/Chroma Processor - - - 7-36 

CA3217 Single Chip TV Chroma/Luminance Processor - - - 7-45 

CA3227 High-Frequency N-P-N Transistor Arrays For Low-Power 

Applications at Frequencies Up to 1 .5GHz - - - 6-65 

CA3240 Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output - - - 2-171 

CA3246 High-Frequency N-P-N Transistor Arrays For Low-Power 

Applications at Frequencies Up to 1.5GHz - - - 6-65 

CA3256 BiMOS Analog Video Switch and Amplifier - - - 7-54 

CA3260 BiMOS Operational Amplifier with MOSFET Input/CMOS Output . - - - 2-187 

CA3280 Dual Variable Operational Amplifier - - - 2-191 

CA3290 BiMOS Dual Voltage Comparator with MOSFET Input, 

Bipolar Output - - - 3-17 

CA3304 CMOS Video Speed 4-Bit Flash A/D Converter - 6-5 

CA3306 CMOS Video Speed 6-Bit Flash A/D Converter - 6-16 

CA3310 CMOS 10-Bit A/D Converter with Internal Track and Hold - 5-19 

CA3310A CMOS 10-Bit A/D Converter with Internal Track and Hold - 5-19 

CA3318C CMOS Video Speed 8-Bit Flash A/D Converter - 6-31 

CA3338A CMOS Video Speed 8-Bit R2R D/A Converter - 8-35 

CA3338 CMOS Video Speed 8-Bit R2R D/A Converter - 8-35 

CA3420 Low Supply Voltage, Low Input Current BiMOS 

Operational Amplifiers - - - 2-202 

CA3440 Nanopower BiMOS Operational Amplifier - - - 2-207 

CA3450 Video Line Driver, High Speed Operational Amplifier - - - 2-213 

CA5130 BiMOS Microprocessor Operational Amplifier with MOSFET 

Input/CMOS Output - - - 2-221 

CA51 60 BiMOS Microprocessor Operational Amplifiers with MOSFET 

Input/CMOS Output - - - 2-238 

CA5260 BiMOS Microprocessor Operational Amplifiers with MOSFET 

Input/CMOS Output - - - 2-258 

CA5420 Low Supply Voltage, Low Input- Current BiMOS Operational Amplifier - - - 2-263 

CA5470 Quad Microprocessor BiMOS-E Operational Amplifiers with 

MOSFET Input/Bipolar Output - - - 2-270 

CD221 00 CMOS 4x4 Crosspoint Switch with Control Memory 

High-Voltage Type (20V Rating) - - - 8-3 

NOTE: Bold Type Designates a New Product from Harris. 1 -3 
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CD22101 

CD22102 

CD22103A 

CD22202 

CD22203 

CD22204 

CD22301 

CD22354A 

CD22357A 

CD22402 

CD22859 

CD22M3493 
CD22M3494 
CD74HC22106 
CD74HCT221 06 
DECUMATE™ 

DG181 

DG182 

DG184 

DG185 

DG187 

DG188 

DG190 

DG191 

DG200 

DG201 

DG201A 

DG202 

DG211 

DG212 

DG300A 

DG301A 

DG302A 

DG303A 

DG308A 

DG309 

DG401 

DG403 

DG405 


Alpha Numeric Product index (continued) 


95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 


CMOS 4x4x2 Crosspoint Switch with Control Memory . - - - 8-12 

CMOS 4x4x2 Crosspoint Switch with Control Memory - - - 8-12 


CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 
Mb/s Transmission Applications 

5V Low Power DTMF Receiver . . . 

5V Low Power DTMF Receiver 

5V Low Power Subscriber DTMF Receiver 

Monolithic Pan Repeater 

CMOS Single-Chip, Full-Feature PCM CODEC 

CMOS Single-Chip, Full-Feature PCM CODEC. . . . 

Sync Generator for TV Applications and Video 

Processing Systems 

Monolithic Silicon COS/MOS Dual-Tone Multifrequency 
Tone Generator 

12x8x1 BiMOS-E Crosspoint Switch 

16x8x1 BiMOS-E Crosspoint Switch 

QMOS 8x8x1 Crosspoint Switch with Memory Control 

QMOS 8x8x1 Crosspoint Switch with Memory Control ....... 

Harris HSP43220 Decimating Digital Filter 

Development Software 

High-Speed Driver with JFET Switches 

High-Speed Driver with JFET Switches 

High-Speed Driver with JFET Switches . . 

High-Speed Driver with JFET Switches 

High-Speed Driver with JFET Switches 

High-Speed Driver with JFET Switches 

High-Speed Driver with JFET Switches 

High-Speed Driver with JFET Switches 

CMOS Dual/Quad SPST Analog Switches. 

CMOS Dual/Quad SPST Analog Switches 

Quad SPST CMOS Analog Switches 

Quad SPST CMOS Analog Switches 

SPST 4 Channel Analog Switch 

SPST 4 Channel Analog Switch 

TTL Compatible CMOS Analog Switches 

TTL Compatible CMOS Analog Switches 

TTL Compatible CMOS Analog Switches. 

TTL Compatible CMOS Analog Switches 

Quad Monolithic SPST CMOS Analog Switches . 

Quad Monolithic SPST CMOS Analog Switches 

Monolithic CMOS Analog Switches 

Monolithic CMOS Analog Switches 

Monolithic CMOS Analog Switches 


8-24 

8-30 

8-30 

8-36 

8-41 

8-46 

8-46 

7- 66 

8- 56 
8-61 
8-72 
8-72 

8-3 

(AnswerFAX Only) Document #3114 
(AnswerFAX Only) Document #3114 
(AnswerFAX Only) Document #3114 
(AnswerFAX Only) Document #3114 
(AnswerFAX Only) Document #3114 
(AnswerFAX Only) Document #3114 
(AnswerFAX Only) Document #3114 
(AnswerFAX Only) Document #3114 
9-13 
9-13 
9-21 
9-21 
9-25 
9-25 
9-30 
9-30 
9-30 
9-30 
9-37 
9-37 
7-3 
7-3 

7-3 ... 


NOTE: Bold Type Designates a New Product from Harris. 
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DG406 

DG407 

DG408 

DG409 

DG411 

DG412 

DG413 

DG441 

DG442 

DG444 

DG445 

DG458 

DG459 

DG506A 

DG507A 

DG508A 

DG509A 

DG526 

DG527 

DG528 

DG529 

HA-2400 

HA-2404 

HA-2405 

HA-2406 

HA-2420 

HA-2425 

HA-2444 

HA-2500 

HA-2502 

HA-2505 

HA-2510 

HA-2512 

HA-2515 

HA-2520 

HA-2522 

HA-2525 


Alpha Numeric Product Index (continued) 

95 NEW 

RELEASES 94 DAQ 94 DSP 
DB314 DB301B DB302B 


Single 16-Channel/Differential 8-Channel CMOS 

Analog Multiplexers - 10-15 

Single 16-Channel/Differential 8-Channel CMOS 

Analog Multiplexers - 10-15 

Single 8-Channel/Differential 4-Channel CMOS 

Analog Multiplexers - 10-17 

Single 8-Channel/Differential 4-Channel CMOS 

Analog Multiplexers - 10-17 

Monolithic Quad SPST CMOS Analog Switches - 9-44 

Monolithic Quad SPST CMOS Analog Switches - 9-44 

Monolithic Quad SPST CMOS Analog Switches - 9-44 

Monolithic Quad SPST CMOS Analog Switches - 9-53 

Monolithic Quad SPST CMOS Analog Switches - 9-53 

Monolithic Quad SPST CMOS Analog Switches - 9-63 

Monolithic Quad SPST CMOS Analog Switches - 9-63 

Single 8-Channel/Differential 4-Channel Fault Protected 

Analog Multiplexers - 10-31 

Single 8-Channel/Differential 4-Channel Fault Protected 

Analog Multiplexers - 10-31 

CMOS Analog Multiplexers - 10-41 

CMOS Analog Multiplexers - 10-41 

CMOS Analog Multiplexers - 10-41 

CMOS Analog Multiplexers - 10-41 

Analog CMOS Latchable Multiplexers - 10-54 

Analog C MOS Latchable Multiplexers - 10-54 

Analog C MOS Latchable Multiplexers - 10-54 

Analog CMOS Latchable Multiplexers - 10-54 


PRAM Four Channel Programmable Amplifiers 

PRAM Four Channel Programmable Amplifiers 

PRAM Four Channel Programmable Amplifiers 

Digitally Selectable Four Channel Operational Amplifier 

Fast Sample and Hold Amplifiers 

Fast Sample and Hold Amplifiers 

Selectable, Four Channel Video Operational Amplifier . 

Precision High Slew Rate Operational Amplifiers 

Precision High Slew Rate Operational Amplifiers 

Precision High Slew Rate Operational Amplifiers 

High Slew Rate Operational Amplifiers 

High Slew Rate Operational Amplifiers 

High Slew Rate Operational Amplifiers 

Uncompensated High Slew Rate Operational Amplifiers 
Uncompensated High Slew Rate Operational Amplifiers 
Uncompensated High Slew Rate Operational Amplifiers 


93 LIN 
DB500B 



2-275 

2-275 

2-275 

2-281 

4-3 

4-3 

2-287 

2-290 

2-290 

2-290 

2-296 

2-296 

2-296 

2-301 

2-301 

2-301 


NOTE: Bold Type Designates a New Product from Harris. 
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Alpha Numeric Product Index (Continued) 


95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 


HA-2529 

Uncompensated, High Slew Rate High Output Current, 

Operational Amplifier 

- 

- 

- 

2-308 

HA-2539 

Very High Slew Rate Wideband Operational Amplifier 

- 

- 

- 

2-315 

HA-2540 

Wideband, Fast Settling Operational Amplifier 

- 

- 

- 

2-322 

HA-2541 

Wideband, Fast Settling, Unity Gain Stable, 

Operational Amplifier 

. 

. 

. 

2-330 

HA-2542 

Wideband, High Slew Rate, High Output Current 

Operational Amplifier 

. 

. 

. 

2-338 

HA-2544 

Video Operational Amplifier 

- 

- 

- 

2-348 

HA-2546 

Wideband Two Quadrant Analog Multiplier 

- 

- 

- 

7-76 

HA-2547 

Wideband Two Quadrant Analog Multiplier 

- 

- 

- 

7-89 

HA-2548 

Precision, High Slew Rate, Wideband Operational Amplifier 

- 

- 

- 

2-358 

HA-2556 

Wideband Four Quadrant Voltage Output Analog Multiplier 

- 

- 

- 

7-97 

HA-2557 

Wideband Four Quadrant Current Output Analog Multiplier 

- 

- 

- 

7-101 

HA-2600 

Wideband, High Impedance Operational Amplifiers 

- 

- 

- 

2-368 

HA-2602 

Wideband, High Impedance Operational Amplifiers 


- 

- 

2-368 

HA-2605 

Wideband, High Impedance Operational Amplifiers 

- 

- 

- 

2-368 

HA-2620 

Very Wideband, Uncompensated Operational Amplifiers 

- 

- 

- 

2-376 

HA-2622 

Very Wideband, Uncompensated Operational Amplifiers 

- 

- 

- 

2-376 

HA-2625 

Very Wideband, Uncompensated Operational Amplifiers 

- 

- 

- 

2-376 

HA-2640 

High Voltage Operational Amplifiers 

- 

- 

- 

2-383 

HA-2645 

High Voltage Operational Amplifiers 

- 

- 

- 

2-383 

HA-2705 

Low Power, High Performance Operational Amplifier 

- 

- 

- 

2-389 

HA-2839 

Very High Slew Rate Wideband Operational Amplifier 

- 

- 

- 

2-392 

HA-2840 

Very High Slew Rate Wideband Operational Amplifier 

- 

- 

- 

2-400 

HA-2841 

Wideband, Fast Settling, Unity Gain Stable, Video 

Operational Amplifier 

. 


. 

2-408 

HA-2842 

Wideband, High Slew Rate, High Output Current, 

Video Operational Amplifier 

. 


. 

2-417 

HA-2850 

Low Power, High Slew Rate Wideband Operational Amplifier .... 

- 


- 

2-426 

HA4201 

Wideband, 1x1 Video Crosspoint Switch with Tally Output . . 

8-3 

- 

- 

- 

HA4314 

Wideband, 4x1 Video Crosspoint Switch 

8-10 

- 

- 

- 

HA4314A 

Wideband, 4x1 Video Crosspoint Switch 

8-10 

- 

- 

- 

HA4344B 

Wideband, 4 x 1 Video Crosspoint Switch with 

Synchronous Controls 

8-18 

. 

. 

- 

HA4404 

Wideband, 4x1 Video Crosspoint Switch with Tally Outputs . 

8-21 

- 

- 

- 

HA4404A 

Wideband, 4x1 Video Crosspoint Switch with Tally Outputs . 

8-21 

- 

- 

- 

HA4600 

Wideband, Video Buffer with Output Disable 

8-29 

- 

- 

- 

HA-4741 

Quad Operational Amplifier 

- 

- 

- 

2-434 

HA-4900 

Precision Quad Comparator 

- 

- 

- 

3-25 

HA-4902 

Precision Quad Comparator 

- 

- 

- 

3-25 

HA-4905 

Precision Quad Comparator 

- 

- 

- 

3-25 

HA-5002 

Monolithic, Wideband, High Slew Rate, High Output 

Current Buffer 




2-440 


NOTE: Bold Type Designates a New Product from Harris. 
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HA-5004 

HA5013 

HA-5020 

HA5022 

HA5023 

HA5024 

HA5025 

HA-5033 

HA-5101 

HA-5102 

HA-5102 

HA-5102 

HA-5104 

HA-5104 

HA-5104 

HA-5111 

HA-5112 

HA-5114 

HA-5127 

HA-5130 

HA-5134 

HA-5135 

HA-5137 

HA-5144 

HA-5147 

HA-5160 

HA-5162 

HA-5170 

HA-5177 

HA-5190 

HA-5195 

HA-5221 

HA-5222 

HA5232 

HA5234 

HA-5320 

HA-5330 

HA-5340 

HA5351 


Alpha Numeric Product Index (continued) 

95 NEW 

RELEASES 94 DAQ 
DB314 DB301B 


1 00MHz Current Feedback Amplifier 

Triple 125MHz Video Amplifier 2-3 

100MHz Current Feedback Video Amplifier 2-17 

Dual 125MHz Video Current Feedback Amplifier with Disable. 2-37 

Dual 125MHz Video Current Feedback Amplifier 2-53 

Quad 125MHz Video Current Feedback Amplifier with Disable 2-67 
Quad 125MHz Video Current Feedback Amplifier 2-83 


Video Buffer 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Low Noise, High Performance Operational Amplifiers 

Ultra-Low Noise Precision Operational Amplifier 

Precision Operational Amplifiers 

Precision Quad Operational Amplifier 

Precision Operational Amplifiers 

Ultra-Low Noise Precision Wideband Operational Amplifier 

Dual/Quad Ultra-Low Power Operational Amplifiers 

Ultra-Low Noise Precision High Slew Rate Wideband 
Operational Amplifier 

Wideband, JFET Input High Slew Rate, Uncompensated, 

Operational Amplifiers 

Wideband, JFET Input High Slew Rate, Uncompensated, 

Operational Amplifiers 

Precision JFET Input Operational Amplifier 

Ultra-Low Offset Voltage Operational Amplifier 

Wideband, Fast Settling Operational Amplifiers 

Wideband, Fast Settling Operational Amplifiers 

Low Noise, Wideband Precision Operational Amplifiers 

Low Noise, Wideband Precision Operational Amplifiers 

Precision Dual and Quad Operational Amplifiers 

Precision Dual and Quad Operational Amplifiers 

High Speed Precision Monolithic Sample and Hold Amplifier .... 

Very High Speed Precision Monolithic Sample and Hold Amplifier. . 

High Speed, Low Distortion, Precision Monolithic Sample and 
Hold Amplifier 

Fast Acquisition Sample and Hold Amplifier 3-3 


94 DSP 93 LIN 
DB302B DB500B 

2-448 


2-470 

2-480 

2-490 

2-490 

2-490 

2-490 

2-490 

2-490 

2-480 

2-490 

2-490 

2-500 

2-509 

2-517 

2-509 

2-525 

2-533 



2-540 


2-548 

2-548 

2-556 

2-564 

2-574 

2-574 

2-582 

2-582 

2-593 

2-593 

4-12 

4-19 


4-23 


NOTE: Bold Type Designates a New Product from Harris. 
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95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 


HA5352 

Fast Acquisition Dual Sample and Hold Amplifier 

3-11 

- 

- 

- 

HA7210 

Low Power Crystal Oscillator 

9-1 

- 

- 

- 

HA7211 

Low Power Crystal Oscillator 

9-1 

- 


- 

HC-5502B 

SLIC Subscriber Line Interface Circuit 

- 

- 

- 

8-81 

HC-5504B 

SLIC Subscriber Line Interface Circuit 

- 

- 

- 

8-90 

HC-5504DLC 

SLIC Subscriber Line Interface Circuit 

- 

- 


8-98 

HC-5509A1 

SLIC Subscriber Line Interface Circuit 

- 

- 

- 

8-106 

HC-5509B 

SLIC Subscriber Line Interface Circuit 

- 

- 

- 

8-116 

HC-5513 

Subscriber Line Interface Circuit 

12-3 

- 

- 

•- 

HC-5524 

SLIC Subscriber Line Interface Circuit 

- 

- 

- 

8-126 

HC-5560 

PCM Transcoder 

- 

- 

- 

8-135 

HC-55536 

Continuous Variable Slope Delta-Demodulator (CVSD) 

- 

- 

- 

8-144 

HC-55564 

Continuously Variable Slope Delta-Modulator (CVSD) 

- 

- 

- 

8-147 

H FA-0001 

Ultra High Slew Rate Operational Amplifier 

- 

- 

- 

2-598 

H FA-0002 

Low Noise Wideband Operational Amplifier 

- 

- 

- 

2-608 

HFA-0003L 

Ultra High Speed Comparator 

- 

- 

- 

3-33 

H FA-0003 

Ultra High Speed Comparator 

- 

- 

- 

3-33 

H FA-0005 

High Slew Rate Operational Amplifier 

- 

- 

- 

2-617 

HFA1100 

Ultra High-Speed Current Feedback Amplifiers 

- 

- 

- 

2-627 

HFA1102 

Ultra High-Speed Current Feedback Amplifier with 
Compensation Pin 

2-97 

- 

. 

. 

HFA1103 

Video Op Amp with High Speed Sync Stripper 

2-102 

- 

- 

- 

HFA1105 

High-Speed, Low Power, Current Feedback Video 

Operational Amplifier 

2-108 

. 

_ 

. 

HFA1106 

High Speed, Low Power, Video Operational Amplifier with 
Compensation Pin 

2-119 

- 

. 

. 

HFA1109 

High-Speed, Low Power, Current Feedback Amplifiers 

2-133 

- 

- 

- 

HFA1110 

750MHz Low Distortion Unity Gain, Closed Loop Buffer 

- 

- 

- 

2-637 

HFA1112 

Ultra High-Speed Programmable Gain Buffer Amplifier 

2-134 

- 

- 

- 

HFA1113 

Output Limiting, Ultra High Speed, Programmable Gain, 

Buffer Amplifier 

2-146 

- 

. 

. 

HFA1114 

Ultra High Speed Programmable Gain Buffer Amplifier 

2-162 

- 

- 

- 

HFA1115 

High-Speed, Low Power, Output Limiting, Closed Loop 

Buffer Amplifier 

2-167 

. 

_ 

. 

HFA1118 

Programmable Gain Video Buffers with Output Limiting 
and Output Disable 

2-174 

. 

_ 

. 

HFA1119 

Programmable Gain Video Buffers with Output Limiting 
and Output Disable 

2-174 

. 

_ 

. 

HFA1120 

Ultra High-Speed Current Feedback Amplifiers 

- 

- 

- 

2-627 

HFA1130 

Output Clamping, Ultra High-Speed Current Feedback Amplifier. . . 

- 

- 

- 

2-659 

HFA1135 

High-Speed, Low Power, Video Operational Amplifier 

with Output Limiting 

. 

2-175 

. 

. 

HFA1145 

High-Speed, Low Power, Current Feedback Video Operational 
Amplifier with Output Disable 

2-180 

_ 

_ 

_ 


NOTE: Bold Type Designates a New Product from Harris. 
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HFA1149 

HFA1205 

HFA1212 

HFA1245 

HFA1405 

HFA1412 

HFA3046 

HFA3096 

HFA3101 

HFA3102 

HFA3127 

HFA3128 

HFA3600 

HFA5250 

HFA5253 

HI-DAC80V 

HI-DAC85V 

HI-200 

HI-201 

HI-201 HS 

HI-222 

HI-300 

HI-301 

HI-302 

HI-303 

HI-304 

HI-305 

HI-306 

HI-307 

HI-381 

HI-384 

HI-387 

HI-390 

HI-506 

HI-506A 

HI-507 


Alpha Numeric Product Index (continued) 


High-Speed, Low Power, Current Feedback Amplifiers 

Dual High-Speed, Low Power, Video Operational Amplifier. . . 

Dual/Quad High Speed, Low Power Closed Loop 

Buffer Amplifiers 

Dual, High-Speed, Low Power, Video Operational Amplifier 
with Disable 

Quad, High-Speed, Low Power, Video Operational Amplifier . 

Dual/Quad High Speed, Low Power Closed Loop 

Buffer Amplifiers 

Ultra High Frequency Transistor Array 

Ultra High Frequency Transistor Array 

Gilbert Cell UHF Transistor Array 

Dual Long-Tailed Pair Transistor Array 

Ultra High Frequency Transistor Array 

Ultra High Frequency Transistor Array 

Low-Noise Amplifier/Mixer 

Ultra High-Speed Monolithic Pin Driver 

Ultra High-Speed Monolithic Pin Driver 

12-Bit, Low Cost, Monolithic D/A Converter 

12-Bit, Low Cost, Monolithic D/A Converter 

Dual/Quad SPST CMOS Analog Switches 

Dual/Quad SPST CMOS Analog Switches 

High Speed Quad SPST CMOS Analog Switch 

High Frequency/Video Switch 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 

Single 16 and 8/Differential 8 and 4 Channel CMOS 

Analog Multiplexers 

16 Channel, 8 Channel, Differential 8 and Differential 4 Channel 
CMOS Analog MUXs with Active Overvoltage Protection 

Single 16 and 8/Differential 8 and 4 Channel CMOS 

Analog Multiplexers 


95 NEW 
RELEASES 
DB314 

2-133 
2-193 

2-200 

2-204 
2-210 

2-200 
9-14 
9-14 
9-24 
9-36 
9-14 
9-14 
9-42 

9-57 

8-50 

8- 50 

9-73 

9- 73 
9-82 


93 LIN 
DB500B 



7-108 


94 DAQ 94 DSP 
DB301B DB302B 


(AnswerFAX Only) Document # 3124 
9-93 
9-93 
9-93 
9-93 
9-93 
9-93 
9-93 
9-93 
9-103 
9-103 
9-103 
9-103 


10-78 


10-95 


10-78 
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GENERAL 

INFORMATION 


HI-507A 

HI-508 

HI-508A 

HI-509 

HI-509A 

HI-516 

HI-518 

HI-524 

HI-539 

HI-546 

HI-547 

HI-548 

HI-549 

HI-562A 

HI-565A 

HI-574A 

HI-674A 

HI-774 

HI-181 8A 

HI-1828A 

Hill 66 
HI1171 
H 1 1 175 
HI1176 
Hill 79 
H 1 1 276 
HI1386 
H 1 1 396 
HI3050 
HI-5040 
HI-5041 
HI-5042 


Alpha Numeric Product Index (continued) 


95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 


16 Channel, 8 Channel, Differential 8 and Differential 4 Channel 
CMOS Analog MUXs with Active Overvoltage Protection 

Single 16 and 8/Differential 8 and 4 Channel CMOS 

Analog Multiplexers 

16 Channel, 8 Channel, Differential 8 and Differential 4 Channel 
CMOS Analog MUXs with Active Overvoltage Protection 

Single 16 and 8/Differential 8 and 4 Channel CMOS 

Analog Multiplexers 

16 Channel, 8 Channel, Differential 8 and Differential 4 Channel 
CMOS Analog MUXs with Active Overvoltage Protection 

16 Channel/Differential 8 Channel CMOS High Speed 
Analog Multiplexer 

8 Channel/Differential 4 Channel CMOS High Speed 

Analog Multiplexer 

4 Channel Wideband and Video Multiplexer 

Monolithic, 4 Channel, Low Level, Differential Multiplexer 

Single 16 and 8, Differential 8 and 4 Channel CMOS Analog 
MUXs with Active Overvoltage Protection 

Single 16 and 8, Differential 8 and 4 Channel CMOS Analog 
MUXs with Active Overvoltage Protection 

Single 16 and 8, Differential 8 and 4 Channel CMOS Analog 
MUXs with Active Overvoltage Protection 

Single 16 and 8, Differential 8 and 4 Channel CMOS Analog 
MUXs with Active Overvoltage Protection 

12-Bit High Speed Monolithic D/A Converter 

High Speed Monolithic D/A Converter with Reference 

Complete 12-Bit A/D Converter with Microprocessor Interface . . . 
Complete 12-Bit A/D Converter with Microprocessor Interface . . . 
Complete 12-Bit A/D Converter with Microprocessor Interface . . . 

Low Resistance, Single 8 Channel and Differential 4 Channel 
CMOS Analog Multiplexers 

Low Resistance, Single 8 Channel and Differential 4 Channel 
CMOS Analog Multiplexers 

8-Bit, 250 MSPS Flash A/D Converter 

8-Bit, 40 MSPS High Speed D/A Converter 

8-Bit, 20 MSPS Flash A/D Converter 

8-Bit, 20 MSPS Flash A/D Converter 

8-Bit, 35 MSPS Video A/D Converter 

8-Bit, 500 MSPS Flash A/D Converter 

8-Bit, 75 MSPS Flash A/D Converter 

8-Bit, 125 MSPS Flash A/D Converter 

10-Bit, 50 MSPS High Speed 3-Channel D/A Converter 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 


10-95 

1 0-78 

10-95 

1 0-78 

10-95 

10-109 

10-116 

10-123 

10-129 

10-140 

10-140 

10-140 

10-140 

(AnswerFAX Only) Document # 3580 
8-42 
5-34 
5-34 

5- 34 

1 0-70 

1 0-70 

6- 43 

8- 57 

7- 3 
7-12 

4- 3 

6-54 

6-64 

6-72 

5- 3 

9- 110 
9-110 
9-110 


NOTE: Bold Type Designates a New Product from Harris. 
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Alpha Numeric Product Index (continued) 




95 NEW 
RELEASES 

94 DAQ 

94 DSP 

93 LIN 



DB314 

DB301B 

DB302B 

DB500B 

HI-5043 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5044 

CMOS Analog Switches 

- 

9-110 


- 

HI-5045 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5046 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5046A 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5047 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5047A 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5048 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5049 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5050 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5051 

CMOS Analog Switches 

- 

9-110 

- 

- 

HI-5700 

8-Bit, 20 MSPS Flash A/D Converter 

4-16 

- 

- 

- 

HI-5701 

6-Bit, 30 MSPS Flash A/D Converter 

- 

6-93 

- 

- 

HI5702 

10-Bit, 40 MSPS A/D Converter 

4-28 

- 

- 

- 

HI5703 

10-Bit, 40 MSPS A/D Converter 

4-41 

- 

- 

- 

HI5705 

Low Cost 10-Bit, 40 MSPS A/D Converter 

4-51 

- 

- 

- 

HI5710 

10-Bit, 20 MSPS A/D Converter 

4-53 

- 

- 

- 

HI5714 

8-Bit, 75 MSPS A/D Converter 

4-69 

- 

- 

- 

HI5721 

10-Bit, 125 MSPS High Speed D/A Converter 

5-14 

- 

- 

- 

HI5780 

10-Bit, 80 MSPS High Speed, Low Power D/A Converter 

5-28 

- 

- 

- 

HI5800 

12-Bit, 3 MSPS Sampling A/D Converter 

4-80 

- 

- 

- 

HI5805 

12-Bit, 5 MSPS A/D Converter 

4-94 

- 

- 

- 

HI5810 

CMOS lOps 12-Bit Sampling A/D Converter with Internal 

Track and Hold 

_ 

5-52 

_ 

_ 

HI5812 

CMOS 20ps 12-Bit Sampling A/D Converter with Internal 

Track and Hold 

_ 

5-65 

_ 

_ 

H 1581 3 

CMOS 3.3V, 25ps 12-Bit Sampling A/D Converter with Internal 
Track and Hold 

_ 

5-79 

_ 

. 

H 171 31 

31/2 Digit Low Power, High CMRR LCD/LED Display Type 

A/D Converter 

. 

2-12 

. 

_ 

HI7133 

31/2 Digit Low Power, High CMRR LCD/LED Display Type 

A/D Converter 

_ 

2-12 

_ 

. 

HI7151 

1 0-Bit High Speed A/D Converter with Track and Hold 

(AnswerFAX Only) Document # 3099 

H 171 52 

10-Bit High Speed A/D Converter with Track and Hold 

(AnswerFAX Only) Document # 31 00 

HI-7153 

8 Channel, 10-Bit High Speed Sampling A/D Converter 


7-37 

- 

- 

HI-71 59A 

Microprocessor Compatible 51/2 Digit A/D Converter 

- 

3-3 

- 

- 

HI7188 

8-Channel, 16-Bit High Precision Sigma-Delta A/D Converter. 

4-103 

- 

- 

- 

HI7190 

24-Bit High Precision Sigma Delta A/D Converter 

4-110 

- 

- 

- 

HI20201 

10/8-Bit, 160 MSPS Ultra High Speed D/A Converter 

- 

8-65 

- 

- 

HI20203 

10/8-Bit, 160 MSPS Ultra High Speed D/A Converter 

- 

8-65 

- 

- 

HIN200 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 

6-3 

. 

. 

_ 

HIN201 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 

6-3 

_ 

_ 

. 
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HIN202 

HIN204 

HIN206 

HIN207 

HIN208 

HIN209 

HIN211 

HIN213 

HIN230 

HIN231 

HIN232 

HIN234 

HIN236 

HIN237 

HIN238 

HIN239 

HIN240 

HIN241 

HMA510 

HMA51 0/883 

HMP8100 

HMU16 

HMU1 6/883 

HMU17 

HMU17/883 

HSP-EVAL 

HSP9501 

HSP9520 

HSP9521 

HSP43124 

HSP43168 

HSP431 68/883 

HSP43216 

HSP43220 

HSP43220/883 


Alpha Numeric Product Index (continued) 


95 NEW 

RELEASES 94 DAQ 94 DSP 
DB314 DB301B DB302B 


+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 6-3 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 6-3 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 6-3 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 6-3 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 6-3 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 6-3 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 6-3 

+5V Powered RS-232 Transmitters/Receivers with 

0.1 Microfarad External Capacitors 6-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 

+5V Powered RS-232 Transmitters/Receivers. - 11-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 

+5V Powered RS-232 Transmitters/Receivers - 11-3 


16x1 6-Bit CMOS Parallel Multiplier Accumulator 

16x1 6-Bit CMOS Parallel Multiplier Accumulator 

NTSC and PAL Video Decoder with 2 Dimensional 

Up/Down Scaler 11-3 

16x1 6-Bit CMOS Parallel Multipliers 

16x1 6-Bit CMOS Parallel Multiplier 

16x1 6-Bit CMOS Parallel Multipliers 

16x1 6-Bit CMOS Parallel Multiplier 

DSP Evaluation Platform 

Programmable Data Buffer 

Multilevel Pipeline Registers 

Multilevel Pipeline Registers 


Serial I/O Filter 10-3 

Dual FIR Filter 10-17 

Dual FIR Filter 

Halfband Filter 


Decimating Digital Filter 
Decimating Digital Filter 


2-3 

2-10 


2-15 

2-25 

2-15 

2-31 

8-7 

4-64 

7-42 

7-42 


3-35 

3-43 

3-60 

3-83 


93 LIN 
DB500B 
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HSP43481 

HSP43481/883 

HSP43881 

HSP43881/883 

HSP43891 

HSP43891/883 

HSP45102 

HSP451 06 

HSP451 06/883 

HSP4511 6 

HSP4511 6-DB 

HSP451 16/883 

HSP45240 

HSP45240/883 

HSP45256 

HSP45256/883 

HSP48212 

HSP4841 0 

HSP4841 0/883 

HSP48901 

HSP48908 

HSP48908/883 

HSP50016 

HSP50016-EV 

HSP5011 0 

ICL232 

ICL71C03 

ICL7104 

ICL7106 

ICL7107 

ICL7109 

ICL7112 

ICL7115 

ICL7116 

ICL7117 

ICL7121 

ICL7126 

ICL7129 

ICL7134 

ICL7135 

ICL7136 


Alpha Numeric Product Index (Continued) 


95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 


Digital Filter - - 3-90 

Digital Filter - - 3-110 

Digital Filter - - 3-105 

Digital Filter - - 3-125 

Digital Filter - - 3-131 

Digital Filter - - 3-147 

12-Bit Numerically Controlled Oscillator - - 5-3 

16-Bit Numerically Controlled Oscillator - - 5-10 

16-Bit Numerically Controlled Oscillator - - 5-20 

Numerically Controlled Oscillator/Modulator - - 5-26 

HSP451 16 Daughter Board - - 8-8 

Numerically Controlled Oscillator/Modulator - - 5-47 

Address Sequencer - - 7-3 

Address Sequencer - - 7-15 

Binary Correlator - - 7-21 

Binary Correlator - - 7-34 

Digital Video Mixer - - 4-3 

Histogrammer/ Accumulating Buffer - - 4-12 

Histogrammer/ Accumulating Buffer - - 4-23 

3x3 Image Filter - - 4-31 

Two Dimensional Convolver - - 4-40 

Two Dimensional Convolver - - 4-57 


Digital Down Converter 

DDC Evaluation Platform 

Digital Quadrature Tuner 

+5V Powered Dual RS-232 Transmitter/Receiver 

Precision 4 1/2 Digit A/D Converter 

14/16-Bit jiP-Compatible, 2-Chip A/D Converter . 

31/2 Digit LCD/LED Display A/D Converter 

31/2 Digit LCD/LED Display A/D Converter 

12-Bit Microprocessor Compatible A/D Converter 


6-3 

8-10 

6-25 


11-8 

(AnswerFAX Only) Document # 3081 
(AnswerFAX Only) Document # 3091 


2-33 

2- 33 

3- 17 


12-Bit High-Speed CMOS pP-Compatible A/D Converter (AnswerFAX Only) Document # 3639 

14-Bit High Speed CMOS pP-Compatible A/D Converter (AnswerFAX Only) Document # 3101 

31/2 Digit LCD/LED Display A/D Converter with Display Hold .... - 2-46 

31/2 Digit LCD/LED Display A/D Converter with Display Hold .... - 2-46 


16-Bit Multiplying Microprocessor-Compatible D/A Converter .... (AnswerFAX Only) Document # 3112 

31/2 Digit Low Power Single-Chip A/D Converter (AnswerFAX Only) Document # 3084 

41/2 Digit LCD Single-Chip A/D Converter - 2-58 

1 4-Bit Multiplying pP-Compatible D/A Converter (AnswerFAX Only) Document #3113 


41/2 Digit BCD Output A/D Converter 


3-40 


31/2 Digit LCD/LED Low Power Display A/D Converter with 

Overrange Recovery. . , - 2-68 


1 
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ICL7137 

ICL7139 

ICL7149 

ICL7611 

ICL7612 

ICL7621 

ICL7641 

ICL7642 

ICL7650S 

ICL8013 

ICL8038 

ICL8048 

ICL8049 

ICL8052 

ICL8052 

ICL8068 

ICL8068 

ICL8069 

ICM7170 

ICM7211 

ICM7212 

ICM7213 

ICM7216A 

ICM7216B 

ICM7216D 

ICM7217 

ICM7224 

ICM7226A 

ICM7226B 

ICM7228 

ICM7231 

ICM7232 

ICM7242 

ICM7243 

ICM7249 

ICM7555 

ICM7556 

IH401A 

IH5009 

IH5010 

IH5011 


Alpha Numeric Product Index (continued) 


95 NEW 
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31/2 Digit LCD/LED Low Power Display A/D Converter with 
Overrange Recovery 

33/4 Digit Autoranging Multimeter 

33/4 Digit Autoranging Multimeter 

ICL76XX Series Low Power CMOS Operational Amplifiers 

ICL76XX Series Low Power CMOS Operational Amplifiers 

ICL76XX Series Low Power CMOS Operational Amplifiers 

ICL76XX Series Low Power CMOS Operational Amplifiers 

ICL76XX Series Low Power CMOS Operational Amplifiers 

Super Chopper-Stabilized Operational Amplifier 

Four Quadrant Analog Multiplier 

Precision Waveform Generator/Voltage Controlled Oscillator 

Log/Antilog Amplifiers 

Log/Antilog Amplifiers 

14/16-Bit pP-Compatible, 2-Chip A/D Converter 

Precision 4 1/2 Digit A/D Converter 

14/16-Bit pP-Compatible, 2-Chip A/D Converter 

Precision 4 1/2 Digit A/D Converter 

Low Voltage Reference 

pP-Compatible Real-Time Clock 

4-Digit ICM721 1 (LCD) and ICM7212 (LED) Display Drivers 

4-Digit ICM721 1 (LCD) and ICM7212 (LED) Display Drivers 

One Second/One Minute Timebase Generator 

8-Digit Multi-Function Frequency Counter/Timer 

8-Digit Multi-Function Frequency Counter/Timer 

8-Digit Multi-Function Frequency Counter/Timer 

4-Digit LED Display Programmable Up/Down Counter 

41/2 Digit LCD Display Counter 

8-Digit Multi-Function Frequency Counter/Timers 

8-Digit Multi-Function Frequency Counter/Timers 

8-Digit pP Compatible LED Display Decoder Driver 

Numeric/Alphanumeric Triplexed LCD Display Driver 

Numeric/Alphanumeric Triplexed LCD Display Driver 

Long Range Fixed Timer 

8-Character pP-Compatible LED Display Decoder Driver 

51/2 Digit LCD p-Power Event/Hour Meter 

General Purpose Timers 

General Purpose Timers 

QUAD Varafet Analog Switch 

Virtual Ground Analog Switch >. . ., 

Virtual Ground Analog Switch. 

Virtual Ground Analog Switch 


2-68 

2-83 

2-83 

2 -.670 
2-670 
2-682 
2-682 
2-682 
2-694 
7-112 
7-120 
7-130 
7-130 

(AnswerFAX Only) Document # 3091 
(AnswerFAX Only) Document # 3081 
(AnswerFAX Only) Document # 3091 
(AnswerFAX Only) Document # 3081 
14-13 
14-17 
12-6 
12-6 
13-16 
13-22 
13-22 
13-22 
13-39 
13-57 
13-64 
13-64 
12-19 
12-37 
12-37 

7-140 

12- 52 

13- 82 


7-146 

7-146 

(AnswerFAX Only) Document # 3128 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
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IH5012 

IH5014 

IH5016 

IH5017 

IH5018 

IH5019 

IH5020 

IH5022 

IH5024 

IH5043 

IH5052 

IH5053 

IH5140 

IH5141 

IH5142 

IH5143 

IH5144 

IH5145 

IH5151 

IH5341 

IH5352 

IH6108 

IH6201 

IH6208 

LM324 

LM339 

LM358 

LM555 

LM741 

LM1458 

LM1558 

LM2902 

LM2904 


Alpha Numeric Product Index (Continued) 


Virtual Ground Analog Switch 

Virtual Ground Analog Switch 

Virtual Ground Analog Switch 

Virtual Ground Analog Switch 

Virtual Ground Analog Switch 

Virtual Ground Analog Switch 

Virtual Ground Analog Switch 

Virtual Ground Analog Switch 

Virtual Ground Analog Switch 

Dual SPDT CMOS Analog Switch 

Quad CMOS Analog Switch 

Quad CMOS Analog Switch 

High-Level CMOS Analog Switch 

High-Level CMOS Analog Switch 

High-Level CMOS Analog Switch 

High-Level CMOS Analog Switch 

High-Level CMOS Analog Switch 

High-Level CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Dual SPST, Quad SPST CMOS RFA/ideo Switches 

Dual SPST, Quad SPST CMOS RFA/ideo Switches 

8-Channel CMOS Analog Multiplexer 

Dual CMOS Driver/Voltage Translator 

4-Channel Differential CMOS Analog Multiplexer 

Quad Operational Amplifiers for Commercial, Industrial, and 
Military Applications 

Quad Voltage Comparators for Industrial, Commercial and 
Military Applications 

Dual Operational Amplifiers for Commercial Industrial, and 
Military Applications 

Timers for Timing Delays and Oscillator Applications in 
Commercial, Industrial and Military Equipment 

High Gain Single and Dual Operational Amplifiers for Military, 
Industrial and Commercial Applications 

High Gain Single and Dual Operational Amplifiers for Military, 
Industrial and Commercial Applications 

High Gain Single and Dual Operational Amplifiers for Military, 
Industrial and Commercial Applications 

Quad Operational Amplifiers for Commercial, Industrial, and 
Military Applications 

Dual Operational Amplifiers for Commercial Industrial, and 
Military Applications 


95 NEW 
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(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
(AnswerFAX Only) Document # 3129 
9-121 
9-128 
9-128 
9-134 
9-134 
9-134 
9-134 
9-134 
9-134 
9-147 
9-155 
9-155 

(AnswerFAX Only) Document # 31 56 
(AnswerFAX Only) Document # 3136 
(AnswerFAX Only) Document # 3157 


2-19 


3-3 


2-26 


7-3 


2-37 

2-37 

2-37 

2-19 

2-26 
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Product Index by Family 


A/D CONVERTERS 

ADC0802, 8-Bit ^iP Compatible A/D Converters 

95 NEW 
RELEASES 
DB314 

94 DAQ 
DB301B 

5-3 

94 DSP 
DB302B 

93 LIN 
DB500B 

ADC0803, 

ADC0804 

C A3 162 

A/D Converter for 3-Digit Display 


2-5 



CA3304 

CMOS Video Speed 4-Bit Flash A/D Converter 


6-5 

- 

- 

CA3306 

CMOS Video Speed 6-Bit Flash A/D Converter 


6-16 

- 

- 

CA3310, 

CMOS 1 0-Bit A/D Converter with Internal T rack and Hold 


5-19 

- 

- 

CA3310A 

CA3318C 

CMOS Video Speed 8-Bit Flash A/D Converter 

_ 

6-31 

_ 

. 

Hill 66 

8-Bit, 250 MSPS Flash A/D Converter 


6-43 

- 

- 

HI1175 

8-Bit, 20 MSPS Flash A/D Converter 


7-3 

- 

- 

HI1176 

8-Bit, 20 MSPS Flash A/D Converter . . 


7-12 

- 

- 

Hill 79 

8-Bit, 35 MSPS Video A/D Converter 

4-3 

- 

- 

- 

HI1276 

8-Bit, 500 MSPS Flash A/D Converter 


6-54 

- 

- 

H1 1 386 

8-Bit, 75 MSPS Flash A/D Converter 


6-64 

- 

- 

HI1396 

8-Bit, 125 MSPS Flash A/D Converter 

... 

6-72 

- 

- 

HI-5700 

8-Bit, 20 MSPS Flash A/D Converter 

4-16 

- 

- 

- 

HI-5701 

6-Bit, 30 MSPS Flash A/D Converter 


6-93 

- 

- 

HI5702 

10-Bit, 40 MSPS A/D Converter 

4-28 

- 

- 

- 

HI5703 

10-Bit, 40 MSPS A/D Converter 

4-41 

- 

- 

- 

HI5705 

Low Cost 10-Bit, 40 MSPS A/D Converter 

4-51 

- 

- 

- 

HI5710 

10-Bit, 20 MSPS A/D Converter 

4-53 

- 

- 

- 

HI5714 

8-Bit, 75 MSPS A/D Converter 

4-69 

- 

- 

- 

HI-574A, 

HI-674A, 

Complete 12-Bit A/D Converter with Microprocessor 

Interface 


5-34 



HI-774 

HI5800 

12-Bit, 3 MSPS Sampling A/DConverter 

4-80 

_ 

_ 

. 

HI5805 

12-Bit, 5 MSPS A/D Converter 

4-94 

- 

- 

- 

HI5810 

CMOS 1 0jLts 12-Bit Sampling A/D Converter 

with Internal Track and Hold 


5-52 


. 

HI5812 

CMOS 20ps 12-Bit Sampling A/D Converter 

with Internal Track and Hold 


5-65 

. 

. 

HI5813 

CMOS 3.3V, 25|xs 12-Bit Sampling A/D Converter 

with Internal Track and Hold 


5-79 

. 

. 

HI7131 , HI7133 

31/2 Digit Low Power, High CMRR LCD/LED Display Type 

A/D Converter 


2-12 




HI7151 10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3099 

HI7152 10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3100 

HI-7153 8 Channel, 10-Bit High Speed Sampling A/D Converter - 7-37 

HI-71 59A Microprocessor Compatible 51/2 Digit A/D Converter - 3-3 
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Product Index by Family 

(Continued) 





95 NEW 
RELEASES 
DB314 

94 DAQ 
DB301B 

94 DSP 93 LIN 
DB302B DB500B 

A/D CONVERTERS (Continued) 




HI7188 

8-Channel, 16-Bit High Precision Sigma-Delta A/D Converter 

4-103 

- 

- 

HI7190 

24-Bit High Precision Sigma Delta A/D Converter 

4-110 

- 

- 

1CL7106, 

ICL7107 

31/2 Digit LCD/LED Display A/D Converter 

. 

2-33 

- 

ICL7109 

12-Bit Microprocessor Compatible A/D Converter 

. 

3-17 

- 

ICL7112 

12-Bit High-Speed CMOS pP-Compatible A/D Converter 

. (AnswerFAX Only) Document # 3639 

ICL7115 

14-Bit High Speed CMOS pP-Compatible A/D Converter 

. (AnswerFAX Only) Document # 3101 

ICL711 6, 

ICL7117 

31/2 Digit LCD/LED Display A/D Converter with Display Hold . . . 

- 

2-46 

- 

ICL7126 

31/2 Digit Low Power Single-Chip A/D Converter 

. (AnswerFAX Only) Document # 3084 

ICL7129 

41/2 Digit LCD Single-Chip A/D Converter 

. 

2-58 

- 

ICL7135 

41/2 Digit BCD Output A/D Converter 

. 

3-40 

- 

ICL7136, 

ICL7137 

31/2 Digit LCD/LED Low Power Display A/D Converter 

with Overrange Recovery 

. 

2-68 

- 

ICL7139, 

ICL7149 

33/4 Digit Autoranging Multimeter 

. 

2-83 

- 

ICL8052/ 

ICL71C03, 

ICL8068/. 

ICL71C03 

Precision 4 1/2 Digit A/D Converter 

. (AnswerFAX Only) Document # 3081 

ICL8052/ 

ICL7104, 

ICL8068/ 

ICL7104 

14/16-Bit pP-Compatible, 2-Chip A/D Converter 

. (AnswerFAX Only) Document # 3091 

COMPARATORS 




CA139, CA239, 
CA339, LM339 

Quad Voltage Comparators for Industrial, Commercial and 
Military Applications 

_ 

. 

3-3 

CA3098 

Programmable Schmitt Trigger - with Memory Dual Input 
Precision Level Detectors 

_ 

. 

3-7 

CA3290 

BiMOS Dual Voltage Comparator with MOSFET Input, 

Bipolar Output 

. 

- 

3-17 

HA-4900, 

HA-4902, 

HA-4905 

Precision Quad Comparator 



3-25 

HFA-0003, 

HFA-0003L 

Ultra High Speed Comparator 

. 

- 

3-33 
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95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 

COMMUNICATION INTERFACE 

HIN200 thru +5V Powered RS-232 Transmitters/Receivers with 

HIN213 0.1 Microfarad External Capacitors 6-3 - 

HIN230thru +5V Powered RS-232 Transmitters/Receivers - 11-3 

HIN241 

ICL232 +5V Powered Dual RS-232 Transmitter/Receiver - - - 11-8 


COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS 


ICM7213 

One Second/One Minute Timebase Generator 

. . . 

13-16 

- 

ICM7216A, 

ICM7216B, 

ICM7216D 

8-Digit Multi-Function Frequency Counter/Timer 

■ • • 

13-22 

■ 

ICM7217 

4-Digit LED Display Programmable Up/Down Counter 

. . . 

13-39 

- 

ICM7224 

41/2 Digit LCD Display Counter 


13-57 

- 

ICM7226A, 

ICM7226B 

8-Digit Multi-Function Frequency Counter/Timers 

- - - 

13-64 

- 

ICM7249 

51/2 Digit LCD p-Power Event/Hour Meter 

. . . 

13-82 

- 


D/A CONVERTERS 


AD7520, 

AD7530, 

AD7521, 

AD7531 

AD7523, 

AD7533 

AD7541 

AD7545 

CA3338, 

CA3338A 

HI-562A 

HI-565A 

HI-DAC80V, 

HI-DAC85V 

H1 1 1 71 

HI3050 

HI5721 

HI5780 

HI20201, 

H 120203 

ICL7121 

1CL7134 


10-Bit, 12-Bit Multiplying D/A Converters - 8-5 

8-Bit Multiplying D/A Converters - 8-13 

12-Bit Multiplying D/A Converter - 8-21 

12-Bit Buffered Multiplying CMOS DAC - 8-28 

CMOS Video Speed 8-Bit R2R D/A Converter - 8-35 


12-Bit High Speed Monolithic D/A Converter (AnswerFAX Only) Document # 3580 

High Speed Monolithic D/A Converter with Reference - 8-42 

12-Bit, Low Cost, Monolithic D/A Converter - 8-50 

8-Bit, 40 MSPS High Speed D/A Converter - 8-57 

10-Bit, 50 MSPS High Speed 3-Channel D/A Converter 5-3 

10-Bit, 125 MSPS High Speed D/A Converter 5-14 

10-Bit, 80 MSPS High Speed, Low Power D/A Converter 5-28 

10/8-Bit, 160 MSPS Ultra High Speed D/A Converter - 8-65 


16-Bit Multiplying Microprocessor-Compatible D/A Converter .... (AnswerFAX Only) Document #3112 
14-Bit Multiplying pP-Compatible D/A Converter (AnswerFAX Only) Document #3113 
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95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 

DEVELOPMENT TOOLS 

DEOMATE™ Harris HSP43220 Decimating Digital Filter Development 


Software - - 8-3 

HSP-EVAL DSP Evaluation Platform - - 8-7 

HSP4511 6-DB HSP451 16 Daughter Board - - 8-8 

HSP50016-EV DDC Evaluation Platform - - 8-10 


DIFFERENTIAL AMPLIFIERS 

CA3028, Differential/Cascode Amplifiers for Commercial and 

CA3053 Industrial Equipment from DC to 120MHz - - - 5-3 

CA3049, Dual High Frequency Differential Amplifiers For 

CA3102 Low Power Applications Up 500MHz - - - 5-15 

CA3054 Transistor Array - Dual Independent Differential Amp for 

Low Power Applications from DC to 120MHz - - - 5-24 

DIGITAL VIDEO CAPTURE 

HMP8100 NTSC and PAL Video Decoder with 2 Dimensional 


Up/Down Scaler 11-3 

DISPLAY DRIVERS 

CA3161 BCD to Seven Segment Decoder/Driver - 12-3 

ICM7211 , 4-Digit ICM721 1 (LCD) and ICM721 2 (LED) Display Drivers - 12-6 

ICM7212 

ICM7228 8-Digit pP Compatible LED Display Decoder Driver - 12-19 

ICM7231 , Numeric/Alphanumeric Triplexed LCD Display Driver - 12-37 

ICM7232 

ICM7243 8-Character pP-Compatible LED Display Decoder Driver - 12-52 

DOWN CONVERSION AND DEMODULATION 

HSP50016 Digital Down Converter - - 6-3 

HSP50110 Digital Quadrature Tuner - - 6-25 

DSP FILTERS 

HSP43124 Serial I/O Filter 10-3 

HSP43168 Dual FIR Filter 10-17 

HSP431 68/883 Dual FIR Filter - - 3-35 

HSP43216 Halfband Filter - - 3-43 

HSP43220 Decimating Digital Filter - - 3-60 

HSP43220/883 Decimating Digital Filter - - 3-83 

HSP43481 Digital Filter - - 3-90 

HSP43481/883 Digital Filter - - 3-105 


1 
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95 NEW 
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DSP FILTERS (Continued) 

HSP43881 Digital Filter - - 3-110 

HSP43881/883 Digital Filter - - 3-125 

HSP43891 Digital Filter - - 3-131 

HSP43891/883 Digital Filter - - 3-147 

MULTIPLEXERS 

DG406, DG407 Single 16-Channel/Differential 8-Channel CMOS 

Analog Multiplexers - 10-15 

DG408, DG409 Single 8-Channel/Differential 4-Channel CMOS 

Analog Multiplexers - 10-17 

DG458, DG459 Single 8-Channel/Differential 4-Channel 

Fault Protected Analog Multiplexers - 10-31 

DG506A, CMOS Analog Multiplexers - 10-41 

DG507A, 

DG508A, 

DG509A 

DG526, DG527, Analog CMOS Latchable Multiplexers - 10-54 

DG528, DG529 

HI-1 81 8A, Low Resistance, Single 8 Channel and Differential 4 Channel 

HI-1828A CMOS Analog Multiplexers - 10-70 

HI-506, HI-507, Single 16 and 8/Differential 8 and 4 Channel CMOS 

HI-508, HI-509 Analog Multiplexers . - 10-78 

HI-506A, 16 Channel, 8 Channel, Differential 8 and Differential 4 Channel 

HI-507A, CMOS Analog MUXs with Active Overvoltage Protection - 10-95 

HI-508A, 

HI-509A 

HI-51 6 1 6 Channel/Differential 8 Channel CMOS High Speed 

Analog Multiplexer - 10-109 

HI-518 8 Channel/Differential 4 Channel CMOS High Speed 

Analog Multiplexer - 10-116 - 

HI-524 4 Channel Wideband and Video Multiplexer - 10-123 

HI-539 Monolithic, 4 Channel, Low Level, Differential Multiplexer - 10-129 

HI-546, HI-547, Single 16 and 8, Differential 8 and 4 Channel CMOS Analog 

HI-548, HI-549 MUXs with Active Overvoltage Protection - 10-140 

IH61 08 8-Channel CMOS Analog Multiplexer (AnswerFAX Only) Document # 31 56 

IH6208 4-Channel Differential CMOS Analog Multiplexer (AnswerFAX Only) Document # 3157 

MULTIPLIERS 

HMA510 16 x 16-Bit CMOS Parallel Multiplier Accumulator - - 2-3 - 

HMA51 0/883 1 6 x 1 6-Bit CMOS Parallel Multiplier Accumulator - - 2-10 - 
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95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
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MULTIPLIERS (Continued) 

HMU16, HMU17 1 6 x 1 6-Bit CMOS Parallel Multipliers - - 2-15 - 

HMU1 6/883 16 x 16-Bit CMOS Parallel Multiplier - - 2-25 

HMU17/883 16 x 16-Bit CMOS Parallel Multiplier - - 2-31 

OPERATIONAL AMPLIFIERS JBH 

CA124, CA224, Quad Operational Amplifiers for Commercial, Industrial, 

CA324, LM324, and Military Applications - - - 2-19 

LM2902 

CA1 58, CA258, Dual Operational Amplifiers for Commercial Industrial, 

CA358, and Military Applications - - - 2-26 

CA2904, 

LM358, LM2904 

CA741 , High Gain Single and Dual Operational Amplifiers for Military, 

CA1458, Industrial and Commercial Applications - - - 2-37 

CA1558, 

LM741 , 

LM1458, 

LM1558 

CA3020 Multipurpose Wide-Band Power Amps Military, Industrial and 

Commercial Equipment at Frequency Up to 8MHz - - - 2-43 

CA3060 Operational Transconductance Amplifier Arrays - - - 2-52 

CA3078 Micropower Operational Amplifier - - - 2-64 

CA3080 Operational Transconductance Amplifier (OTA) - - - 2-73 

CA3094 Programmable Power Switch/Amplifier for Control and 

General Purpose Applications - - - 2-86 

CA3100 Wideband Operational Amplifier - - - 2-101 

CA31 30 BiMOS Operational Amplifier with MOSFET 

Input/CMOS Output - - - 2-108 

CA31 40 BiMOS Operational Amplifier with MOSFET 

Input/Bipolar Output - - - 2-123 

CA31 60 BiMOS Operational Amplifiers with MOSFET 

Input/CMOS Output - - - 2-143 

CA3193 BiCMOS Precision Operational Amplifiers - - - 2-160 

CA3240 Dual BiMOS Operational Amplifier with MOSFET 

Input/Bipolar Output - - - 2-171 

CA3260 BiMOS Operational Amplifier with MOSFET 

Input/CMOS Output - - - 2-187 

CA3280 Dual Variable Operational Amplifier - - - 2-191 

CA3420 Low Supply Voltage, Low Input Current BiMOS 

Operational Amplifiers - - - 2-202 

CA3440 Nanopower BiMOS Operational Amplifier - - - 2-207 

CA3450 Video Line Driver, High Speed Operational Amplifier - - - 2-213 
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OPERATIONAL AMPLIFIERS (Continued) 

CA51 30 BiMOS Microprocessor Operational Amplifier with MOSFET 

Input/CMOS Output - - - 2-221 

CA5160 BiMOS Microprocessor Operational Amplifiers with MOSFET 

Input/CMOS Output - - - 2-238 

CA5260 BiMOS Microprocessor Operational Amplifiers with MOSFET 

Input/CMOS Output - - - 2-258 

CA5420 Low Supply Voltage, Low Input Current BiMOS 

Operational Amplifier - - - 2-263 

CA5470 Quad Microprocessor BiMOS-E Operational Amplifiers with 

MOSFET Input/Bipolar Output - - - 2-270 

HA-2400, PRAM Four Channel Programmable Amplifiers - - - 2-275 

HA-2404, 

HA-2405 

HA-2406 Digitally Selectable Four Channel Operational Amplifier - - - 2-281 

HA-2444 Selectable, Four Channel Video Operational Amplifier - - - 2-287 

HA-2500, Precision High Slew Rate Operational Amplifiers - - - 2-290 

HA-2502, 

HA-2505 

HA-2510, High Slew Rate Operational Amplifiers - - - 2-296 

HA-2512, 

HA-2515 

HA-2520, Uncompensated High Slew Rate Operational Amplifiers - - - 2-301 

HA-2522, 

HA-2525 

HA-2529 Uncompensated, High Slew Rate High Output Current, 

Operational Amplifier - - - 2-308 

HA-2539 Very High Slew Rate Wideband Operational Amplifier - - - 2-315 

HA-2540 Wideband, Fast Settling Operational Amplifier - - - 2-322 

HA-2541 Wideband, Fast Settling, Unity Gain Stable, 

Operational Amplifier - - - 2-330 

HA-2542 Wideband, High Slew Rate, High Output Current 

Operational Amplifier - - - 2-338 

HA-2544 Video Operational Amplifier - - - 2-348 

HA-2548 Precision, High Slew Rate, Wideband Operational Amplifier - - - 2-358 

HA-2600, Wideband, High Impedance Operational Amplifiers - - - 2-368 

HA-2602, 

HA-2605 

HA-2620, Very Wideband, Uncompensated Operational Amplifiers - - - 2-376 

HA-2622, 

HA-2625 

HA-2640, High Voltage Operational Amplifiers - - - 2-383 

HA-2645 

HA-2705 Low Power, High Performance Operational Amplifier - - - 2-389 

HA-2839 Very High Slew Rate Wideband Operational Amplifier - - - 2-392 
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OPERATIONAL AMPLIFIERS (Continued) 

HA-2840 Very High Slew Rate Wideband Operational Amplifier 

HA-2841 Wideband, Fast Settling, Unity Gain Stable, 

Video Operational Amplifier 

HA-2842 Wideband, High Slew Rate, High Output Current, 

Video Operational Amplifier 

HA-2850 Low Power, High Slew Rate Wideband Operational Amplifier .... 

HA-4741 Quad Operational Amplifier 

HA-5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer 


HA-5004 1 00MHz Current Feedback Amplifier 

HA5013 Triple 125MHz Video Amplifier 2-3 

HA-5020 100MHz Current Feedback Video Amplifier 2-17 

HA5022 Dual 125MHz Video Current Feedback Amplifier with Disable. 2-37 

HA5023 Dual 125MHz Video Current Feedback Amplifier 2-53 

HA5024 Quad 125MHz Video Current Feedback Amplifier with Disable 2-67 

HA5025 Quad 125MHz Video Current Feedback Amplifier 2-83 


HA-5033 Video Buffer 

HA-51 01 , Low Noise, High Performance Operational Amplifiers 

HA-5111 

HA-5102, Low Noise, High Performance Operational Amplifiers 

HA-5104, 

HA-5112, 

HA-5114 

HA-5127 Ultra-Low Noise Precision Operational Amplifier 

HA-5130, Precision Operational Amplifiers 

HA-5135 

HA-5134 Precision Quad Operational Amplifier 

HA-5137 Ultra-Low Noise Precision Wideband Operational Amplifier. 

HA-51 42, Dual/Quad Ultra-Low Power Operational Amplifiers 

HA-5144 

HA-51 47 Ultra-Low Noise Precision High Slew Rate Wideband 

Operational Amplifier 

HA-5160, Wideband, JFET Input High Slew Rate, Uncompensated, 

HA-5162 Operational Amplifiers 

HA-5170 Precision JFET Input Operational Amplifier 

HA-5177 Ultra-Low Offset Voltage Operational Amplifier 

HA-51 90, Wideband, Fast Settling Operational Amplifiers 

HA-5195 

HA-5221 , Low Noise, Wideband Precision Operational Amplifiers. . . , 

HA-5222 


2-400 

2-408 


2-417 

2-426 

2-434 

2-440 

2-448 


2-470 

2-480 

2-490 


2-500 

2-509 

2-517 

2-525 

2-533 

2-540 

2-548 

2-556 

2-564 

2-574 

2-582 
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OPERATIONAL AMPLIFIERS (Continued) 


HA5232, 

HA5234 

Precision Dual and Quad Operational Amplifiers 

■ 

■ 

■ 

2-593 

H FA-0001 

Ultra High Slew Rate Operational Amplifier 

-■ 

- 

- 

2-598 

H FA-0002 

Low Noise Wideband Operational Amplifier 

- 

- 

- 

2-608 

H FA-0005 

High Slew Rate Operational Amplifier 

- 

■ 

- 

2-617 

HFA1100, 

HFA1120 

Ultra High-Speed Current Feedback Amplifiers 

- 

- 

- 

2-627 

HFA1102 

Ultra High-Speed Current Feedback Amplifier with 
Compensation Pin 

2-97 

- 

- 

- 

HFA1103 

Video Op Amp with High Speed Sync Stripper 

2-102 

- 

- 

- 

HFA1105 

High-Speed, Low Power, Current Feedback Video 

Operational Amplifier 

2-108 

- 

- 

- 

HFA1106 

High Speed, Low Power, Video Operational Amplifier with 
Compensation Pin 

2-119 

- 

- 

.. 

HFA1109, 

HFA1149 

High-Speed, Low Power, Current Feedback 

Amplifiers 

2-133 

- 

- 

. 

HFA1110 

750MHz Low Distortion Unity Gain, Closed Loop Buffer 

- 

- 

- 

2-637 

HFA1112 

Ultra High-Speed Programmable Gain Buffer Amplifier 

2-134 

- 

- 

- 

HFA1113 

Output Limiting, Ultra High Speed, Programmable Gain, 

Buffer Amplifier 

2-146 

- 


. 

HFA1114 

Ultra High Speed Programmable Gain Buffer Amplifier 

2-162 

- 

- 

- 

HFA1115 

High-Speed, Low Power, Output Limiting, Closed Loop 

Buffer Amplifier 

2-167 

. 

- 

. 

HFA1118, 

HFA1119 

Programmable Gain Video Buffers with Output Limiting and 
Output Disable 

2-174 

. 

_ 

. 

HFA1130 

Output Clamping, Ultra High-Speed Current 

Feedback Amplifier 

- 

. 

- 

2-659 

HFA1135 

High-Speed, Low Power, Video Operational Amplifier with 
Output Limiting 

2-175 

- 

- 

- 

HFA1145 

High-Speed, Low Power, Current Feedback Video Operational 
Amplifier with Output Disable 

2-180 

- 

- 

- 

HFA1205 

Dual High-Speed, Low Power, Video Operational Amplifier. . . 

2-193 

- 

- 

- 

HFA1212, 

HFA1412 

Dual/Quad High Speed, Low Power Closed Loop 

Buffer Amplifiers 

2-200 

- 

. 

. 

HFA1245 

Dual, High-Speed, Low Power, Video Operational 

Amplifier with Disable 

2-204 

- 

- 

- 

HFA1405 

Quad, High-Speed, Low Power, Video Operational Amplifier . 

2-210 

- 

- 

- 

ICL7611 , 
ICL7612 

ICL76XX Series Low Power CMOS Operational Amplifiers 

- 

- 

- 

2-670 

ICL7621 , 
ICL7641 , 
ICL7642 

ICL76XX Series Low Power CMOS Operational Amplifiers 

■ 

■ 

■ 

2-682 

ICL7650S 

Super Chopper-Stabilized Operational Amplifier 

- 

- 

- 

2-694 
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SAMPLE AND HOLD AMPLIFIER 


HA-2420, 

HA-2425 

Fast Sample and Hold Amplifiers 

• 

HA-5320 

High Speed Precision Monolithic Sample and Hold Amplifier . . . 

• 

HA-5330 

Very High Speed Precision Monolithic Sample 

and Hold Amplifier 

. 

HA-5340 

High Speed, Low Distortion, Precision Monolithic Sample 
and Hold Amplifier 

. 

HA5351 

Fast Acquisition Sample and Hold Amplifier 

3-3 

HA5352 

Fast Acquisition Dual Sample and Hold Amplifier 

3-11 


SIGNAL SYNTHESIZERS 


HSP45102 
HSP45106 
HSP451 06/883 
HSP4511 6 
HSP451 16/883 


12-Bit Numerically Controlled Oscillator. . . 

1 6-Bit Numerically Controlled Oscillator. . . 
16-Bit Numerically Controlled Oscillator. . . 
Numerically Controlled Oscillator/Modulator 
Numerically Controlled Oscillator/Modulator 


4-3 


4-12 


4-19 

4-23 



5-3 

5-10 

5-20 

5-26 

5-47 


SPECIAL ANALOG CIRCUITS 

CA555, LM555 Timers for Timing Delays and Oscillator Applications in 

Commercial, Industrial and Military Equipment 

CA1391, TV Horizontal Processors 

CA1394 

CA3089 FM IF System 

CA3126 TV Chroma Processor 

CA3189 FM IF System 

CA3194 . Single Chip PAL Luminance/Chroma Processor 

CA3217 Single Chip TV Chroma/Luminance Processor 

CA3256 BiMOS Analog Video Switch and Amplifier 

CD22402 Sync Generator for TV Applications and Video 

Processing Systems 

HA-2546 Wideband Two Quadrant Analog Multiplier 

HA-2547 Wideband Two Quadrant Analog Multiplier 

HA-2556 Wideband Four Quadrant Voltage Output Analog Multiplier. 

HA-2557 Wideband Four Quadrant Current Output Analog Multiplier. 


HA7210, Low Power Crystal Oscillator 9-1 

HA7211 

HFA3046, Ultra High Frequency Transistor Array 9-14 

HFA3096, 

HFA3127, 

HFA3128 


7-3 

7-9 

7-13 

7-20 

7-29 

7-36 

7-45 

7-54 

7-66 

7-76 

7-89 

7-97 

7-101 


NOTE: Bold Type Designates a New Product from Harris. 
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Product Index by Family (Continued) 

95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 

SPECIAL ANALOG CIRCUITS (Continued) 

HFA3101 Gilbert Cell UHF Transistor Array 9-24 

HFA3102 Dual Long-Tailed Pair Transistor Array 9-36 

HFA3600 Low-Noise Amplifier/Mixer 9-42 

HFA5250 Ultra High-Speed Monolithic Pin Driver 

HFA5253 Ultra High-Speed Monolithic Pin Driver 9-57 

ICL8013 Four Quadrant Analog Multiplier 

ICL8038 Precision Waveform GeneratorA/oltage Controlled Oscillator .... 

ICL8048, Log/Antilog Amplifiers 

ICL8049 

ICM7242 Long Range Fixed Timer 

ICM7555, General Purpose Timers 

ICM7556 

SPECIAL FUNCTION 

HSP45240 Address Sequencer 

HSP45240/883 Address Sequencer 

HSP45256 Binary Correlator 

HSP45256/883 Binary Correlator 

HSP9520, Multilevel Pipeline Registers • 

HSP9521 

SPECIAL PURPOSE 

AD590 2 Wire Current Output Temperature Transducer 

ICL8069 Low Voltage Reference 

ICM7170 pP-Compatible Real-Time Clock 


14-3 

14-13 

14-17 


7-3 

7-15 

7-21 

7-34 

7-42 


7-112 

7-120 

7-130 

7-140 

7-146 


SWITCHES 

DG1 81 thru High-Speed Driver with JFET Switces . . . 

DG191 

DG200, DG201 CMOS Dual/Quad SPST Analog Switches 

DG201 A, Quad SPST CMOS Analog Switches .... 

DG202 


DG211, DG212 

DG300A, 
DG301 A, 
DG302A, 
DG303A 
DG308A, 
DG309 


SPST 4 Channel Analog Switch 

TTL Compatible CMOS Analog Switches 


Quad Monolithic SPST CMOS Analog Switches 


(AnswerFAX Only) Document #3114 

9-13 

9-21 

9-25 

9-30 


9-37 


NOTE: Bold Type Designates a New Product from Harris. 
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Product Index by Family (continued) 


SWITCHES (Continued) 


DG401, DG403, 
DG405 

DG411 , DG412, 
DG413 

DG441 , DG442 
DG444, DG445 
HI-200, HI-201 
HI-201 HS 
HI-222 

HI-300 thru 
HI-307 


Monolithic CMOS Analog Switches 

Monolithic Quad SPST CMOS Analog Switches 

Monolithic Quad SPST CMOS Analog Switches 
Monolithic Quad SPST CMOS Analog Switches 

Dual/Quad SPST CMOS Analog Switches 

High Speed Quad SPST CMOS Analog Switch . 

High Frequency/Video Switch 

CMOS Analog Switches 


HI-381 thru CMOS Analog Switches 

HI-390 


HI-5040 thru CMOS Analog Switches .... 
HI-5051, 

HI-5046A and 
HI-5047A 

IH401 A QUAD Varafet Analog Switch 

IH5009 thru Virtual Ground Analog Switch 

IH501 2, IH5014, 

IH501 6 thru 
IH5020, IH5022, 

IH5024 


IH5043 Dual SPDT CMOS Analog Switch 

IH5052, IH5053 Quad CMOS Analog Switch 

IH51 40 thru High-Level CMOS Analog Switch . 

IH5145 


IH5151 Dual SPDT CMOS Analog Switch 

IH5341 , IH5352 Dual SPST, Quad SPST CMOS RFA/ideo Switches 
IH6201 Dual CMOS Driver/Voltage Translator 


TELECOMMUNICATIONS 

CD221 00 CMOS 4x4 Crosspoint Switch with Control Memory 

High-Voltage Type (20V Rating) 

CD221 01 , CMOS 4x4x2 Crosspoint Switch with Control Memory. 

CD22102 

CD221 03A CMOS HDB3 (High Density Bipolar 3) Transcoder for 

2.048/8.448 Mb/s Transmission Applications 

CD22202, 5V Low Power DTMF Receiver 

CD22203 

CD22204 5V Low Power Subscriber DTMF Receiver 

CD22301 Monolithic Pan Repeater 


95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 


7-3 


9-44 


9-53 

9-63 

9-73 

9-82 



(AnswerFAX Only) Document # 3124 
9-93 


9-103 


9-110 


(AnswerFAX Only) Document # 3128 
(AnswerFAX Only) Document # 3129 


9-121 

9-128 

9-134 

9-1 47 
9-155 

(AnswerFAX Only) Document # 3136 


8-3 

8-12 

8-24 

8-30 

8-36 

8-41 


NOTE: Bold Type Designates a New Product from Harris. 
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Product Index by Family (Continued) 

95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 

TELECOMMUNICATONS (Continued) 

CD22354A, CMOS Single-Chip, Full-Feature PCM CODEC - - - 8-46 

CD22357A 

CD22M3493 12 x 8 x 1 BiMOS-E Crosspoint Switch . . - - - 8-56 

CD22M3494 16 x 8 x 1 BiMOS-E Crosspoint Switch - - - 8-61 

CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency 

Tone Generator - - - 8-67 

CD74HC22106, QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control - - - 8-72 

CD74HCT22106 

HC-5502B SLIC Subscriber Line Interface Circuit - - - 8-81 

HC-5504B SLIC Subscriber Line Interface Circuit - - - 8-90 

HC-5504DLC SLIC Subscriber Line Interface Circuit - - - 8-98 

HC-5509A1 SLIC Subscriber Line Interface Circuit . - - - 8-106 

HC-5509B SLIC Subscriber Line Interface Circuit - - - 8-116 

HC-5513 Subscriber Line Interface Circuit 12-3 

HC-5524 SLIC Subscriber Line Interface Circuit - - - 8-126 

HC-5560 PCM Transcoder - - - 8-135 

HC-55536 Continuous Variable Slope Delta-Demodulator (CVSD) - - - 8-144 

HC-55564 Continuously Variable Slope Delta-Modulator (CVSD) - - - 8-147 

TRANSISTOR ARRAYS 

CA3018 General Purpose Transistor Arrays - - - 6-5 

CA3039 Diode Array - - - 6-11 

CA3045, General Purpose N-P-N Transistor Arrays - - - 6-15 

CA3046 

CA3081 , General Purpose High Current N-P-N Transistor Arrays - - - 6-21 

CA3082 

CA3083 General Purpose High Current N-P-N Transistor Array - - - 6-24 

CA3086 General Purpose N-P-N Transistor Array - - - 6-28 

CA3096 N-P-N/P-N-P Transistor Array - - - 6-33 

CA3127 High Frequency N-P-N Transistor Array - - - 6-46 

CA31 41 High-Voltage Diode Array For Commercial, 

Industrial & Military Applications - - - 6-52 

C A3 146, High-Voltage Transistor Arrays - - - 6-55 

C A3 183 

CA3227, High-Frequency N-P-N Transistor Arrays For 

CA3246 Low-Power Applications at Frequencies Up to 1.5GHz - - - 6-65 


NOTE: Bold Type Designates a New Product from Harris. 
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Product Index by Family (continued) 

95 NEW 

RELEASES 94 DAQ 94 DSP 93 LIN 
DB314 DB301B DB302B DB500B 


VIDEO PROCESSING 

HSP48212 Digital Video Mixer - - 4-3 

HSP48410 Histogrammer/ Accumulating Buffer - - 4-12 

HSP4841 0/883 Histogrammer/Accumulating Buffer - - 4-23 

HSP48901 3x 3 Image Filter - - 4-31 

HSP48908 Two Dimensional Convolver - - 4-40 

HSP48908/883 Two Dimensional Convolver - - 4-57 

HSP9501 Programmable Data Buffer - - 4-64 

VIDEO SWITCHES 

HA4201 Wideband, 1x1 Video Crosspoint Switch with Tally Output 8-3 

HA4314, Wideband, 4 x 1 Video Crosspoint Switch 8-10 

HA4314A 

HA4344B Wideband, 4x1 Video Crosspoint Switch with 

Synchronous Controls 8-18 - 

HA4404, Wideband, 4 x 1 Video Crosspoint Switch with Tally Outputs . 8-21 

HA4404A 

HA4600 Wideband, Video Buffer with Output Disable 8-29 



NOTE: Bold Type Designates a New Product from Harris. 
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SIGNAL PROCESSING n 
NEW RELEASES ^ 


OPERATIONAL AMPLIFIERS 


OPERATIONAL AMPLIFIERS DATA SHEETS 

HA5013 Triple 125MHz Video Amplifier 

HA-5020 1 00MHz Current Feedback Video Amplifier With Disable 

HA5022 Dual 125MHz Video Current Feedback Amplifier with Disable 

HA5023 Dual 125MHz Video Current Feedback Amplifier 

HA5024 Quad 125MHz Video Current Feedback Amplifier with Disable 

HA5025 Quad 125MHz Video Current Feedback Amplifier 

HFA1102 Ultra High-Speed Current Feedback Amplifier with Compensation Pin 

HFA1103 Video Op Amp with High Speed Sync Stripper 

HFA1105 High-Speed, Low Power, Current Feedback Video Operational Amplifier 

HFA1106 High Speed, Low Power, Video Operational Amplifier with Compensation Pin 

HFA1109, HFA1149 High-Speed, Low Power, Current Feedback Operational Amplifiers 

HFA1112 Ultra High-Speed Programmable Gain Buffer Amplifier 

HFA1113 Output Limiting, Ultra High Speed, Programmable Gain, Buffer Amplifier 

HFA1114 Ultra High Speed Programmable Gain Buffer Amplifier 

HFA1115 High-Speed, Low Power, Output Limiting, Closed Loop Buffer Amplifier 

HFA1 1 1 8, HFA1 1 1 9 Programmable Gain Video Buffers with Output Limiting and Output Disable 

HFA1135 High-Speed, Low Power, Video Operational Amplifier with Output Limiting 

HFA1145 High-Speed, Low Power, Current Feedback Video Operational Amplifier with Output Disable . . 

HFA1205 Dual High-Speed, Low Power, Video Operational Amplifier 

HFA1212, HFA1412 Dual/Quad High Speed, Low Power Closed Loop Buffer Amplifiers 

H FA 1245 Dual, High-Speed, Low Power, Video Operational Amplifier with Disable 

HFA1405 Quad, High-Speed, Low Power, Video Operational Amplifier 


PAGE 
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RELATED APPLICATION NOTES AND TECH BRIEFS AVAILABLE ON AnswerFAX AnswerFAX 

DOCUMENT NO. 

AN9202 Using the HFA1100, HFA1130 Evaluation Fixture 99202 

AN9420 Current Feedback Amplifier Theory and Applications 99420 

AN9502 Oscillator Produces Quadrature Waves 99502 

AN9503 Low Output Impedance MUX 99503 

AN9507 Video Cable Drivers Save Board Space, Increase Bandwidth 99507 

AN9508 Video Multiplexer Delivers Lower Signal Degradation 99508 

AN951 3 Component Video Sync Formats (HFA1 1 03) 9951 3 
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SEMICONDUCTOR 


HA5013 



Features 

• Wide Unity Gain Bandwidth 125MHz 

• Slew Rate 475V/ps 

• Input Offset Voltage 8 OO 4 V 

• Differential Gain 0.03% 

• Differential Phase 0.03 Deg. 

• Supply Current (per Amplifier) 7.5mA 

• ESD Protection 4000V 

• Guaranteed Specifications at ±5V Supplies 

• Low Cost 

Applications 

• PC Add-On Multimedia Boards 

• Flash A/D Driver 

• Color Image Scanners 

• CCD Cameras and Systems 

• RGB Cable Driver 

• RGB Video Preamp 

• PC Video Conferencing 


Description 

The HA5013 is a low cost triple amplifier optimized for RGB 
video applications and gains between 1 and 10. It is a 
current feedback amplifier and thus yields less bandwidth 
degradation at high closed loop gains than voltage feedback 
amplifiers. 

The low differential gain and phase, 0.1 dB gain flatness, and 
ability to drive two back terminated 750 cables, make this 
amplifier ideal for demanding video applications. 

The current feedback design allows the user to take 
advantage of the amplifier’s bandwidth dependency on the 
feedback resistor. 

The performadnce of the HA5013 is very similar to the popu- 
lar Harris HA-5020 single video amplifier. 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA5013IP -40°C to +85°C 14 Lead Plastic DIP 

HA501 3IB -40°C to +85°C 1 4 Lead Plastic SOIC (N) 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 


File Number 3654.2 
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Specifications HA5013 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


ESD Protection (Note 15) 2000V Operating Temperature Range 

Voltage Between V+ and V- Terminals 36V HA501 31 -40°C < T A < +85°C 

DC Input Voltage ±V SU p PLy Supply Voltage Range +4.5V to ±15V 

Differential Input Voltage 10V Storage Temperature Range -65°C < T A < +150°C 

Output Current (Note 2) Short Circuit Protected Thermal Package Resistance (°C/W) 0 JA 

Junction Temperature (Note 12) +1 75°C Plastic DIP 100 

Junction Temperature (Plastic Package) (Note 12) +150°C SOIC 120 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +5V, V- = -5V, R f = 1 kQ, A v = +1 , R L = 400Q, C l <10pF, Unless Otherwise Specified 



(NOTE 16) 

TEST 

LEVEL TEMPERATURE 


INPUT CHARACTERISTICS 


Input Offset Voltage (V !0 ) 


Delta V !0 Between Channels 


Average Input Offset Voltage Drift 


V l0 Common Mode Rejection Ratio (Note 3) 


V| 0 Power Supply Rejection Ratio (Note 4) 


Input Common Mode Range (Note 3) 


Non-Inverting Input (+IN) Current 


+IN Common Mode Rejection (Note 3) 

( +I BCMR = 75 — ) 

+H| N 


+IN Power Supply Rejection (Note 4) 


Inverting Input (-IN) Current 


Delta - IN BIAS Current Between Channels 


-IN Common Mode Rejection (Note 3) 


-IN Power Supply Rejection (Note 4) 


Input Noise Voltage (f = 1kHz) 


+lnput Noise Current (f = 1kHz) 


-Input Noise Current (f = 1kHz) 

















































































































Specifications HA5013 


Electrical Specifications V+ = +5V, V- = -5V, R f = IkO, A v = + 1 , R L = 400Q, C L <10pF, Unless Otherwise Specified (Continued) 


(NOTE 16) HA5013I 

TEST 1 

LEVEL TEMPERATURE MIN TYP MAX UNITS 


PARAMETER 


TRANSFER CHARACTERISTICS 


Transimpedence (Note 14) 


Open Loop DC Voltage Gain, R L = 400£2, V 0 ut = ±2.5V 


Open Loop DC Voltage Gain, R L = 100Q, V 0UT = ±2.5V 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 13) 


Output Current (Note 13) 


Output Current (Short Circuit, Note 1 0) 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Quiescent Supply Current 


AC CHARACTERISTICS (A v = +1) 


Slew Rate (Note 5) 


Full Power Bandwidth (Note 6) 


Rise Time (Note 7) 


Fall Time (Note 7) 


Propagation Delay (Note 7) 


Overshoot 


-3dB Bandwidth (Note 8) 


Settling Time to 1%, 2V Output Step 


Settling Time to 0.25%, 2 V Output Step 


AC CHARACTERISTICS (A v = +2, R F = 681 Q) 


Slew Rate (Note 5) 


Full Power Bandwidth (Note 6) 


Rise Time (Note 7) 


Fall Time (Note 7) 


Propagation Delay (Note 7) 


Overshoot 


+25°C 

1.0 

Full 

0.85 

+25°C 

70 

Full 

65 

+25°C 

50 

Full 

45 



+25°C 

±2.5 

±3.0 

Full 

±2.5 

±3.0 

Full 

±16.6 

±20.0 

Full 

±40 

±60 



MQ 


MQ 

dB 

dB 


dB 


dB 





2-5 


OPERATIONAL 

AMPLIFIERS 
















































































































































Electrical Specifications V+ = +5V, V- = -5 V, R f = IkO, A v = +1 . R L = 400Q, C l <10pF, Unless Otherwise Specified (Continued) 


HA5013I 


PARAMETER 

(NOTE 16) 

TEST 

LEVEL 

TEMPERATURE 

-3dB Bandwidth (Note 8) 

B 

+25°C 

Settling Time to 1%, 2 V Output Step 

B 

+25°C 

Settling Time to 0.25%, 2 V Output Step 

B 

+25°C 

Gain Flatness 5MHz 

B 

+25°C 

20MHz 

B 

+25°C 

AC CHARACTERISTICS (A v = +10, R F = 383Q) 

Slew Rate (Note 5) 

B 

+25°C 

Full Power Bandwidth (Note 6) 

B 

+25°C 

Rise Time (Note 7) 

B 

+25°C 

Fall Time (Note 7) 

B 

+25°C 

Propagation Delay (Note 7) 

B 

+25°C 

Overshoot 

B 

+25°C 

-3dB Bandwidth (Note 8) 

B 

+25°C 

Settling Time to 1%, 2 V Output Step 

B 

+25°C 

Settling Time to 0.1%, 2V Output Step 

B 

+25°C 

VIDEO CHARACTERISTICS 

Differential Gain (Notes 11, 13) 

B 

+25°C 

Differential Phase (Notes 11, 13) 

B 

+25°C 



1 . Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 

2. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 

3. V CM = ±2.5V. At -40°C Product is tested at V CM = +2.25V because Short Test Duration does not allow self heating. 

4. ±3.5V < V s < ±6.5V 

5. V 0 ut switches from -2 V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 

'•f™-!^ ; 'VEAK -») 

7. R l = 100Q, V 0UT = IV. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 

8. R l = 400£2, Vquj = 1 0OmV. 

9. A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only. 

10. V| N = ±2.5V, V 0UT = 0V. 

1 1 . Measured with a VM700A video tester using an NTC-7 composite VITS. 

12. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below 
+150°C for plastic packages. See Applications Information section for safe operating area information. 

13. R l =150Q. 

14. Vqut = ±2.5V. At -40°C Product is tested at V 0 ut = ±2.25V because Short Test Duration does not allow self heating. 

15. ESD protection is for human body model tested per MIL-STD - 883, Method 3015.7. 

16. A. Production Tested; B. Guaranteed limit or Typical based on characterization; C. Design Typical for information only. 
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HA5013 


Test Circuits 


HP4195 

NETWORK 

ANALYZER 



FIGURE 1. TEST CIRCUIT FOR TRANSiMPEDANCE MEASUREMENTS 



zz 

K 

R f , 681 



- r f , IK -=■ 

FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 4. SMALL SIGNAL RESPONSE 

Vertical Scale: V )N = lOOmV/Div., V 0UT = lOOmV/Div. 
Horizontal Scale: 20ns/Div. 


FIGURE 5. LARGE SIGNAL RESPONSE 

Vertical Scale: V IN = IV/Div., V 0UT = IV/Div. 
Horizontal Scale: 50ns/Div. 
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HA5013 


Application Information 

Optimum Feedback Resistor 

The plots of inverting and non-inverting frequency response, 
see Figure 8 and Figure 9 in the typical performance section, 
illustrate the performance of the HA5013 in various closed loop 
gain configurations. Although the bandwidth dependency on 
closed loop gain isn’t as severe as that of a voltage feedback 
amplifier, there can be an appreciable decrease in bandwidth at 
higher gains. This decrease may be minimized by taking 
advantage of the current feedback amplifier’s unique relation- 
ship between bandwidth and R F . All current feedback amplifiers 
require a feedback resistor, even for unity gain applications, and 
R F , in conjunction with the internal compensation capacitor, 
sets the dominant pole of the frequency response. Thus, the 
amplifier’s bandwidth is inversely proportional to R F . The 
HA5013 design is optimized for a 1000Q R F at a gain of +1. 
Decreasing R F in a unity gain application decreases stability, 
resulting in excessive peaking and overshoot. At higher gains 
the amplifier is more stable, so R F can be decreased in a trade- 
off of stability for bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. 


GAIN 

(A C l) 

R F (0) 

BANDWIDTH 

(MHz) 

-1 

750 

100 

+1 

1000 

125 

+2 

681 

95 

+5 

1000 

52 

+10 

383 

65 

-10 

750 

22 


Driving Capacitive Loads 

Capacitive loads will degrade the amplifier’s phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 



PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 

Attention must be given to decoupling the power supplies. A 
large value (1 OpiF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1 jiF) chip capacitor works well in 
most cases. 

A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. It is recom- 
mended that the ground plane be removed under traces con- 
nected to -IN, and that connections to -IN be kept as short as 
possible to minimize the capacitance from this node to 
ground. 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 

The selection criteria for the isolation resistor is highly 
dependent on the load, but 27Q. has been determined to be 
a good starting value. 

Power Dissipation Considerations 

Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (T j, see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient tempera- 
ture versus supply voltage for the available package styles 
(Plastic DIP, SOIC). At ±5V DC quiescent operation both 
package styles may be operated over the full industrial 
range of -40°C to +85°C. It is recommended that thermal 
calculations, which take into account output power, be per- 
formed by the designer. 


o 

130 

120 

o_^ 

UJ 

110 

cc 

=> 

100 

£ 

cc 

90 

111 

Cl 

80 

2 

UJ 

70 

h- 

h- 

Z 

60 

UJ 

m 

50 

2 

< 

40 

X 

< 

30 

2 

20 


10 


SUPPLY VOLTAGE (±V) 


FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 
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-3dB BANDWIDTH (MHz) 2 NON-INVERTING PHASE (DEGREES) NORMALIZED GAIN (dB) 


HA5013 
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DISTORTION (dBc) DIFFERENTIAL GAIN (%) -3dB BANDWIDTH (MHz) 


HA5013 
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NORMALIZED GAIN (dB) SLEW RATE (V/ps) PROPAGATION DELAY (ns) 


HA5013 
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CURRENT NOISE (pA/VHz) 











lcc(mA) BIAS CURRENT (jiA) V, 0 (mV) 


HA5013 


Typical Performance Curves v SU p PLY = +sv, A v = +i,R F = ikn, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 -60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


TEMPERATURE (°C) TEMPERATURE (°C) 

26. INPUT OFFSET VOLTAGE vs TEMPERATURE FIGURE 27. +INPUT BIAS CURRENT vs TEMPERATURE 




TEMPERATURE (°C) TEMPERATURE (°C) 

FIGURE 28. -INPUT BIAS CURRENT vs TEMPERATURE FIGURE 29. TRANSIMPEDANCE vs TEMPERATURE 



SUPPLY VOLTAGE (±V) TEMPERATURE (°C) 

FIGURE 30. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 31 . REJECTION RATIO vs TEMPERATURE 
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HA5013 


Typical Performance Curves v SUP p LY = ±sv, a v = +1 , r f = i kn, r l = 4 oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 



0 1 2 3 4 5 6 7 


9 10 11 12 13 14 15 



DISABLE INPUT VOLTAGE (V) 


-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE <°C) 


FIGURE 32. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE 


FIGURE 33. OUTPUT SWING vs TEMPERATURE 



LOAD RESISTANCE (kO) 


FIGURE 34. OUTPUT SWING vs LOAD RESISTANCE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 

FIGURE 35. INPUT OFFSET VOLTAGE CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 

FIGURE 36. INPUT BIAS CURRENT CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 



FREQUENCY (MHz) 

FIGURE 37. CHANNEL SEPARATION vs FREQUENCY 
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FEEDTHROUGH (dB) 


HA5013 


Typical Performance Curves v SUPPLY = + 5 v, a v = +1 , r f = ikn, r l = 400a, t a = 25°c, 

Unless Otherwise Specified (Continued) 



FREQUENCY (MHz) FREQUENCY (MHz) 

FIGURE 38. DISABLE FEEDTHROUGH vs FREQUENCY FIGURE 39. TRANSIMPEDANCE vs FREQUENCY 



FREQUENCY (MHz) 


FIGURE 40. TRANSIMPEDENCE vs FREQUENCY 


2-15 


PHASE ANGLE (DEGREES) 






HA5013 


Die Characteristics 

DIE DIMENSIONS: 

2680pm x 2600pm x 483pm ±25.4pm 

METALLIZATION: 

Type: Metal 1: AlCu (1%), Metal 2: AlCu (1%) 

Thickness: Metal 1 : 8kA ± 0.4kA, Metal 2: 1 6kA ± 0.8kA 

WORST CASE CURRENT DENSITY: 

2.0 xIO 5 A/cm 2 at 50mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.4kA 

TRANSISTOR COUNT: 248 

PROCESS: High Frequency Bipolar Dielectric Isolation 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

Metallization Mask Layout 

HA5013 


NC NC OUT2 -IN2 



-INI OUT1 OUT3 -IN3 




f|l HARRIS 

i-IBJ SEMICONDUCTOR 

HA-5020 

July 1995 

100MHz Current Feedback 
Video Amplifier With Disable 


Features 

• Wide Unity Gain Bandwidth 100MHz 

• Slew Rate 800V/|is 

• Output Current ±30mA (Min) 

• Drives 3.5V into 75ft 

• Differential Gain 0.03% 

• Differential Phase 0.03 Degrees 

• Low Input Voltage Noise 4.5nV/VHz 

• Low Supply Current 10mA (Max) 

• Wide Supply Range ±5Vto±15V 

• Output Enable/Disable 


• High Performance Replacement for EL2020 

Applications 

• Unity Gain Video/Wideband Buffer 

• Video Gain Block 

• Video Distribution Amp/Coax Cable Driver 

• Flash A/D Driver 

• Waveform Generator Output Driver 

• Current to Voltage Converter; D/A Output Buffer 

• Radar Systems 

• Imaging Systems 


Pinout 


HA-5020 

(PDIP, CERDIP, SOIC) 

TOP VIEW 



Description 

The HA-5020 is a wide bandwidth, high slew rate amplifier 
optimized for video applications and gains between 1 and 
10. Manufactured on Harris’ Reduced Feature Complemen- 
tary Bipolar Dl process, this amplifier uses current mode 
feedback to maintain higher bandwidth at a given gain than 
conventional voltage feedback amplifiers. Since it is a closed 
loop device, the HA-5020 offers better gain accuracy and 
lower distortion than open loop buffers. 

The HA-5020 features low differential gain and phase and 
will drive two double terminated 75ft coax cables to video 
levels with low distortion. Adding a gain flatness perfor- 
mance of 0.1 dB makes this amplifier ideal for demanding 
video applications. The bandwidth and slew rate of the 
HA-5020 are relatively independent of closed loop gain. The 
100MHz unity gain bandwidth only decreases to 60MHz at a 
gain of 1 0. The HA-5020 used in place of a conventional op 
amp will yield a significant improvement in the speed power 
product. To further reduce power, the HA-5020 has a disable 
function which significantly reduces supply current, while 
forcing the output to a true high impedance state. This 
allows the outputs of multiple amplifiers to be wire-OR’d into 
multiplexer configurations. The device also includes output 
short circuit protection and output offset voltage adjustment. 

The HA-5020 is available in commercial and industrial tem- 
perature ranges, and a choice of packages. See the “Order- 
ing Information” section below for more information. For 
military grade product, please refer to the HA-5020/ 883 data 
sheet. 

For multi channel versions of the HA-5020 see the HA5022 
dual with disable, HA5023 dual, HA5013 triple, HA5024 
quad with disable or HA5025 quad op amp data sheets. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA3-5020-5 

0°C to +75°C 

8 Lead Plastic DIP 

HA7-5020-5 

0°C to +75°C 

8 Lead CerDIP 

HA9P5020-5 

0°C to +75°C 

8 Lead Plastic SOIC (N) 

HA3-5020-9 

-40°C to +85°C 

8 Lead Plastic DIP 

HA7-5020-9 

-40°C to +85°C 

8 Lead CerDIP 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pj| e Number 2845.6 

Copyright © Harris Corporation 1 995 017 
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Specifications HA-5020 


Absolute Maximum Ratings (Note i) 

Voltage Between V+ and V- Terminals 36V 

DC Input Voltage ±V S up PLY 


Operating Temperature Range 

HA-5020-5 0°C < T A < +75°C 

HA-5020-9. -40°C < T A < +85°C 


Differential Input Voltage 10V Storage Temperature Range -65°C < T A < +150°C 

Output Current Short Circuit Protected Thermal Package Resistance ( °C/W ) 0 JA 0 JC 

Junction Temperature (Note 1 9) +175°C Plastic DIP 130 N/A 

Junction Temperature (Plastic Package) (Note 1 9) +150°C CerDIP 115 35 

Lead Temperature (Soldering 10s) +300°C SOIC 170 N/A 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v+ = + 15 V, v- = - 15 V, r f = ikQ, a v = +i, R l = 400 Q, c l < iopF, 
Unless Otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage (Notes 2, 20) 


Average Input Offset Voltage Drift 


V| 0 Common Mode Rejection Ratio (Notes 3, 20) 


V| 0 Power Supply Rejection Ratio (Notes 4, 20) 


Non-Inverting Input (+IN) Current (Note 20) 


+IN Common Mode Rejection (Note 3) 


+IN Power Supply Rejection (Note 4) 


Inverting Input (-IN) Current (Note 20) 


-IN Common Mode Rejection (Note 3) 


-IN Power Supply Rejection (Note 4) 


TRANSFER CHARACTERISTICS 


Transimpedance (Note 20) 


Open Loop DC Voltage Gain (Note 1 2) 
R l = 400Q, V OU t = ±10V 


Open Loop DC Voltage Gain 
R L = 100Q, V out = ±2.5V 


OUTPUT CHARACTERISTICS 


TEMPERATURE 


POWER SUPPLY CHARACTERISTICS 


Quiescent Supply Current (Note 20) 


Supply Current, Disabled (Notes 5, 20) 


HA-5020-5, -9 





+25°C 

3500 

Full 

1000 

+25°C 

70 

Full 

65 

+25°C 

60 

Full 

55 


Output Voltage Swing (Notes 20, 21) 

+25°C to +85°C 

±12 


-40°C to 0°C 

±11 

Output Current 

+25°C 

±30 

(Guaranteed by Output Voltage Test) 

Full 

±27.5 
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Specifications HA-5020 


Electrical Specifications v+ = +isv, v- = -isv, r f = ikn, a v = +i, R L = 40on, c L < iopF, 

Unless Otherwise Specified (Continued) 


PARAMETER 


Disable Pin Input Current (Note 5) 


Minimum Pin 8 Current to Disable (Note 6) 


Maximum Pin 8 Current to Enable (Note 7) 


AC CHARACTERISTICS (A v = +1) 


Slew Rate (Note 8) 


Full Power Bandwidth (Note 9) 
(Guaranteed by Slew Rate Test) 


Rise Time (Note 10) 


Fall Time (Note 10) 


Propagation Delay (Notes 10, 20) 


-3dB Bandwidth (Notes 1 1 , 20) 


Settling Time to 1 %, 1 0V Output Step 


Settling Time to 0.25%, 10V Output Step 


AC CHARACTERISTICS (A v = +10, R F = 383Q) 


Slew Rate (Notes 8, 12) 


Full Power Bandwidth (Note 9) 
(Guaranteed by Slew Rate Test) 


Rise Time (Note 10) 


Fall Time (Note 10) 


Propagation Delay (Notes 10, 20) 


-3dB Bandwidth (Note 1 1 ) 


Settling Time to 1%, 10V Output Step 


Settling Time to 0.1%, 10V Output Step 


HARRIS VALUE ADDED SPECIFICATIONS 


Input Noise Voltage (f = 1kHz) (Note 20) 


+lnput Noise Current (f = 1kHz) (Note 20) 


-Input Noise Current (f = 1kHz) (Note 20) 


Input Common Mode Range 


-Ibias Adjust Range (Note 2) 


Overshoot (Note 20) 


Output Current (Short Circuit, Notes 13, 20) 


Output Current (Disabled, Notes 5, 14, 20) 


Output Disable Time (Notes 15, 20) 


Output Enable Time (Notes 16, 20) 


Supply Voltage Range 


Output Capacitance (Disabled, Notes 5, 29) 


VIDEO CHARACTERISTICS 


Differential Gain (Notes 18, 20, 21) 


Differential Phase (Notes 18, 20, 21) 


Gain Flatness to 5MHz 


TEMPERATURE 


Full 


Full 


Full 


HA-5020-5, -9 







+25°C 

900 

Full 

700 

+25°C 

14.3 

Full 

11.1 
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Specifications HA-5020 


Electrical Specifications v+ = +5V, v- = -sv, 

Parameters are not 
lot-to-lot variation. 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage (Notes 2, 20) 


Average Input Offset Voltage Drift 


V| 0 Common Mode Rejection Ratio (Notes 20, 22) 


V| 0 Power Supply Rejection Ratio (Notes 20, 23) 


Non-Inverting Input (+IN) Current (Note 20) 


+IN Common Mode Rejection (Note 22) 


+IN Power Supply Rejection (Note 23) 


Inverting Input (-IN) Current (Note 20) 


-IN Common Mode Rejection (Note 22) 


-IN Power Supply Rejection (Note 23) 


TRANSFER CHARACTERISTICS 


T ransimpedance (Note 20) 


Open Loop DC Voltage Gain 
R l = 400ft, V 0U T = ±2-5V 


Open Loop DC Voltage Gain 
R L = 100ft, V 0UT = +2.5V 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 20) 


Output Current (Note 21 ) 
(Guaranteed by Output Voltage Test) 


POWER SUPPLY CHARACTERISTICS 


Quiescent Supply Current (Note 20) 


Supply Current, Disabled (Notes 5, 20) 


Disable Pin Input Current (Note 5) 


Minimum Pin 8 Current to Disable (Note 25) 


Maximum Pin 8 Current to Enable (Note 7) 


R F = Ikft, A v = +1 , Rl = 400ft, C L <10pF, Unless Otherwise Specified, 
tested. The limits are guaranteed based on lab characterizations, and r 


TEMPERATURE 


+25°C to +85°C 


-40°C to 0°C 


+25°C 


Full 


HA-5020-5, -9 





+25°C 

1000 

Full 

850 

+25°C 

65 

Full 

60 

+25°C 

50 

Full 

45 
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Specifications HA-5020 


Electrical Specifications V+ = +5V, V- = -5V, R f = IkQ, A v = +1, R l = 4000, C L <10pF, Unless Otherwise Specified. 

Parameters are not tested. The limits are guaranteed based on lab characterizations, and r 
lot-to-lot variation. (Continued) 


PARAMETER 


AC CHARACTERISTICS (A v = +1) 


Slew Rate (Note 26) 


Full Power Bandwidth (Note 27) 


Rise Time (Note 10) 


Fall Time (Note 10) 


Propagation Delay (Note 1 0) 


Overshoot 


-3dB Bandwidth (Notes 1 1 , 20) 


Settling Time to 1 %, 2V Output Step 


Settling Time to 0.25%, 2 V Output Step 


AC CHARACTERISTICS (A v = +2, R F = 681 Q) 


Slew Rate (Note 26) 


Full Power Bandwidth (Note 27) 


Rise Time (Note 1 0) 


Fall Time (Note 1 0) 


Propagation Delay (Note 1 0) 


Overshoot 


-3dB Bandwidth (Note 1 1 ) 


Settling Time to 1 %, 2V Output Step 


Settling Time to 0.25%, 2 V Output Step 


AC CHARACTERISTICS (A v = +10, R F = 383Q) 


Slew Rate (Note 26) 


Full Power Bandwidth (Note 27) 


Rise Time (Note 10) 


Fall Time (Note 10) 


Propagation Delay (Note 1 0) 


Overshoot 


-3dB Bandwidth (Notes 1 1 , 20) 


Settling Time to 1%, 2 V Output Step 


Settling Time to 0.1%, 2 V Output Step 


HARRIS VALUE ADDED SPECIFICATIONS 


TEMPERATURE 


HA-5020-5, -9 






Input Noise Voltage (f = 1kHz) (Note 20) 

+25°C 


+lnput Noise Current (f = 1kHz) (Note 20) 

+25°C 

-Input Noise Current (f = 1kHz) (Note 20) 

+25°C 

Input Common Mode Range 

Full 

Output Current (Short Circuit, Note 24) 

Full 


Output Current (Disabled. Notes 5, 20, 24) 

Full 

Output Disable Time (Notes 20, 29) 

+25°C 





2-21 


OPERATIONAL 

AMPLIFIERS 
























































































































































Specifications HA-5020 


Electrical Specifications V+ = +5V, V- = -5V, R f = Ika A v = + 1 , R l = 4000, C L <10pF, Unless Otherwise Specified. 

Parameters are not tested. The limits are guaranteed based on lab characterizations, and reflect 
lot-to-lot variation. (Continued) 


HA-5020-5, -9 

TEMPERATURE MIN I TYP 




PARAMETER 

TEMPERATURE 

Output Enable Time (Notes 20, 30) 

+25°C 

Supply Voltage Range 

+25°C 

Output Capacitance (Disabled, Notes 5, 17) 

+25°C 

VIDEO CHARACTERISTICS 

Differential Gain (Notes 18, 20, 21) 

+25°C 

Differential Phase (Notes 18, 20, 21) 

+25°C 

Gain Flatness to 5MHz 

+25°C 



1 . Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 

2. Suggested V 0 s Adjust Circuit: The inverting input current (-Ibias) can be adjusted with an external 1 0kft pot between pins 1 and 5, wiper 
connected to V+. Since -Ibias flows through the feedback resistor (R F ), the result is an adjustment in offset voltage. The amount of offset 
voltage adjustment is determined by the value of R F (AV 0 s = A-lbias*R F ). 

3. V CM = ±10V. 

4. ±4.5V < V s < ±18V. 

5. Disable = OV. 

6. R L = 1 00£2, V IN = 1 0V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 
is considered disabled when -lOmV < Vqut £ +10mV. 

7. V (N = OV. This is the maximum current that can be pulled out of the Disable pin with the HA-5020 remaining enabled. The HA-5020 is 
considered disabled when the supply current has decreased by at least 0.5mA. 

8. v out switches from -10V to +10V, or from +10V to -10V. Specification is from the 25% to 75% points. 

Slew Rate 

9 ' FPBW = ^ :V PEAK = 10V ' 

2nV PEAK 

10. R L = 100£2, V 0 ut = IV. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 

11. R L = 400Q, V OU T = 1 0OrnV. 

12. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

13. V| N = ±10V, V OUT = 0V. 

14. V OUT = ±10V. 

15. V| N = +10V, Disable = +15V to 0V. Measured from the 50% point of Disable to V 0 ut = 0V. 

16. Vj N = +10V, Disable = 0V to +15V. Measured from the 50% point of Disable to Vqut = 10V. 

17. V IN = 0V, Force V 0UT from 0V to ±10V, t R = t F = 50ns. 

18. Measured with a VM700A video tester using a NTC-7 composite VITS. 

19. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for ceramic pack- 
ages, and below +150°C for plastic packages. 

20. See “Typical Performance Curves” for more information. 

21. R l = 150Q 

22. V CM = +2.5V. At -40°C product is tested at V CM = +2.25V because short test duration does not allow self heating. 

23. ±3.5V<V S <±6.5V. 

24. Vqut = ±2.5V, V, N = 0. 

25. R l = 1 00Q . V iN = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 
is considered disabled when -lOmV < Vqut ^ +10mV. 

26. V 0UT switches from -2 V to +2 V, or from +2 V to -2V. Specification is from the 25% to 75% points. 

27. fpbw = fjafiais ; v PEAK = 2v 

27cV PEAK 

28. V jN = 0V, Force Vqut from 0V to ±2.5V, t R = t F = 50ns. 

29. V| N = +2V, Disable = +5V to 0V. Measured from the 50% point of Disable to Vqut = 0V. 

30. V| N = +2 V, Disable = 0V to +5V. Measured from the 50% point of Disable to V 0UT = 2V. 
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Die Characteristics 

DIE DIMENSIONS: 

1640pm x 1520pm x 483pm ±25.4pm 

METALLIZATION: 

Type: Aluminum, 1% Copper 
Thickness: 16kA ± 2kA 

WORST CASE CURRENT DENSITY: 

5.77 xIO 4 A/cm 2 at 30mA 

SUBSTRATE POTENTIAL (Powered Up): V- 


GLASSIVATION: 

Type: Nitride over Silox 
Silox Thickness: 12kA±2kA 
Nitride Thickness: 3.5kA ± 1 kA 

TRANSISTOR COUNT: 62 

PROCESS: High Frequency Bipolar Dielectric Isolation 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 


Metallization Mask Layout 


HA-5020 


BAL 


DISABLE 


V+ 

















HA-5020 


Test Circuits 



FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 



FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 4. SMALL SIGNAL RESPONSE 

Vertical Scale: V, N = 100mV/Div., V 0 ut = 100mV/Div. 
Horizontal Scale: 20ns/Div. 



FIGURE 5. LARGE SIGNAL RESPONSE 

Vertical Scale: V, N = 1 V/Div., V 0U j = 1 V/Div. 
Horizontal Scale: 50ns/Div. 
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OPEN LOOP GAIN (MQ) BIAS CURRENT (|iA) INPUT NOISE VOLTAGE (nWFta) 


HA-5020 


Typical Performance Curves v SU p PLY = ±1 sv, a v = +1 , r f = i ka r l = 4ooq, t a = +25°c, 

Unless Otherwise Specified 



FREQUENCY (Hz) TEMPERATURE (°C) 


FIGURE 6. INPUT NOISE vs FREQUENCY FIGURE 7. INPUT OFFSET VOLTAGE vs TEMPERATURE 

(Average of 18 Units from 3 Lots) (Absolute Value Average of 30 Units from 3 Lots) 



TEMPERATURE (°C) 


FIGURE 8. +INPUT BIAS CURRENT vs TEMPERATURE 

Average of 30 Units from 3 Lots 


2.0 



-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (°C) 

FIGURE 9. -INPUT BIAS CURRENT vs TEMPERATURE 

Absolute Value Average of 30 Units from 3 Lots 



TEMPERATURE (°C) SUPPLY VOLTAGE (±V) 

FIGURE 10. TRANSIMPEDANCE vs TEMPERATURE FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE 

Average of 30 Units from 3 Lots Average of 30 Units from 3 Lots 
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GAIN PEAKING (dB) INVERTING PHASE (DEGREES) 










SHORT CIRCUIT CURRENT (mA) ^ OUTPUT SWING OVERHEAD (±V) REJECTION RATIO (dB) 


HA-5020 
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DIFFERENTIAL PHASE (DEGREES) DISTORTION (dBc) PROPAGATION DELAY (ns) 


HA-5020 







r load = 1 K 


1M 

FREQUENCY (Hz) 

FIGURE 32. DISTORTION vs FREQUENCY 


3 5 7 9 11 13 

SUPPLY VOLTAGE (±V) 

FIGURE 33. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE 

Average of 18 Units from 3 Lots 



SUPPLY VOLTAGE (±V) 

FIGURE 34. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE 

Average of 1 8 Units from 3 Lots 


-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (°C) 

FIGURE 35. SLEW RATE vs TEMPERATURE 

Average of 30 Units from 3 Lots 
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INVERTING PHASE (DEGREES) NORMALIZED GAIN (dB) 


HA-5020 
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FEEDTHROUGH (dB) OUTPUT SWING (V) VOLTAGE NOISE (nV/VHz) 


HA-5020 
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PHASE ANGLE (DEGREES) DISABLE TIME (ns) 






HA-5020 


Typical Performance Curves v SUPPLY = ±sv, a v = +1 , r p = i kn, r l = 4oon, t a = +25°c, 

Unless Otherwise Specified (Continued) 



o.ooi 


o.oi 


100 


0.1 1 10 
FREQUENCY (MHz) 

FIGURE 54. TRANSIMPEDENCE vs FREQUENCY 


180 

135 

90 

45 

0 

-45 

-90 

-135 


Application Information 

Optimum Feedback Resistor 

The plots of inverting and non-inverting frequency response 
illustrate the performance of the HA-5020 in various closed 
loop gain configurations. Although the bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifier’s 
unique relationship between bandwidth and R F All current 
feedback amplifiers require a feedback resistor, even for 
unity gain applications, and R F , in conjunction with the inter- 
nal compensation capacitor, sets the dominant pole of the 
frequency response. Thus, the amplifier’s bandwidth is 
inversely proportional to R F . The HA-5020 design is opti- 
mized for a 1000C2 R F at a gain of +1. Decreasing R F in a 
unity gain application decreases stability, resulting in exces- 
sive peaking and overshoot. At higher gains the amplifier is 
more stable, so R F can be decreased in a trade-off of stabil- 
ity for bandwidth. 


The table below lists recommended R F values for various 
gains, and the expected bandwidth. 



PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 


components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 

Attention must be given to decoupling the power supplies. A 
large value (10pF) tantalum or electrolytic capacitor in parallel 
with a small value (0.1 pF) chip capacitor works well in most 
cases. 

A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. It is 
recommended that the ground plane be removed under 
traces connected to -IN, and that connections to -IN be kept 
as short as possible to minimize the capacitance from this 
node to ground. 

Driving Capacitive Loads 

Capacitive loads will degrade the amplifier s phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 55. 



FIGURE 55. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 

The selection criteria for the isolation resistor is highly 
dependent on the load, but 27Q has been determined to be 
a good starting value. 
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Enable/Disable Function 

When enabled the amplifier functions as a normal current 
feedback amplifier with all of the data in the electrical specifi- 
cations table being valid and applicable. When disabled the 
amplifier output assumes a true high impedance state and 
the supply current is reduced significantly. 

The circuit shown in Figure 56 is a simplified schematic of 
the enable/disable function. The large value resistors in 
series with the DISABLE pin makes it appear as a current 
source to the driver. When the driver pulls this pin low cur- 
rent flows out of the pin and into the driver. This current, 
which may be as large as 350(iA when external circuit and 
process variables are at their extremes, is required to insure 
that point “A" achieves the proper potential to disable the 
output. The driver must have the compliance and capability 
of sinking all of this current. 



FIGURE 56. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE 
FUNCTION 

When V cc is +5V the DISABLE pin may be driven with a 
dedicated TTL gate. The maximum low level output voltage 
of the TTL gate, 0.4V, has enough compliance to insure that 
the amplifier will always be disabled even though D1 will not 
turn on, and the TTL gate will sink enough current to keep 
point “A” at its proper voltage. When V cc is greater than +5 
volts the DISABLE pin should be driven with an open collec- 
tor device that has a breakdown rating greater than V cc . 

Referring to Figure 56, it can be seen that R6 will act as a pull- 
up resistor to +V CC if the DISABLE pin is left open. In those 
cases where the enable/disable function is not required on all 
circuits some circuits can be permanently enabled by letting 
the DISABLE pin float. If a driver is used to set the enable/dis- 
able level, be sure that the driver does not sink more than 
20pA when the DISABLE pin is at a high level. TTL gates, 
especially CMOS versions, do not violate this criteria so it is 
permissible to control the enable/disable function with TTL. 

Two Channel Video Multiplexer 

Referring to the amplifier U1A in Figure 57, R1 terminates 
the cable in its characteristic impedance of 75Q, and R4 
back terminates the cable in its characteristic impedance. 
The amplifier is set up in a gain configuration of +2 to yield 
an overall network gain of +1 when driving* a double termi- 


nated cable. The value of R3 can be changed if a different 
network gain is desired. R5 holds the disable pin at ground 
thus inhibiting the amplifier until the switch, SI, is thrown to 
position 1 . At position 1 the switch pulls the disable pin up to 
the plus supply rail thereby enabling the amplifier. Since all 
of the actual signal switching takes place within the amplifier, 
it’s differential gain and phase parameters, which are 0.03% 
and 0.03 degrees respectively, determine the circuit’s perfor- 
mance. The other circuit, Ulb, operates in a similar manner. 

When the plus supply rail is 5V the disable pin can be driven 
by a dedicated TTL gate as discussed earlier. If a multiplexer 
1C or its equivalent is used to select channels its logic must be 
break before make. When these conditions are satisfied the 
HA-5020 is often used as a remote video multiplexer, and the 
multiplexer may be extended by adding more amplifier ICs. 

Low Impedance Multiplexer 

Two common problems surface when you try to multiplex 
multiple high speed signals into a low impedance source 
such as an A/D converter. The first problem is the low source 
impedance which tends to make amplifiers oscillate and 
causes gain errors. The second problem is the multiplexer 
which supplies no gain, introduces all kinds of distortion and 
limits the frequency response. Using op amps which have an 
enable/disable function, such as the HA-5020, eliminates the 
multiplexer problems because the external mux chip is not 
needed, and the HA-5020 can drive low impedance (large 
capacitance) loads if a series isolation resistor is used. 

Referring to Figure 58, both inputs are terminated in their 
characteristic impedance; 750 is typical for video applica- 
tions. Since the drivers usually are terminated in their char- 
acteristic impedance the input gain is 0.5, thus the 
amplifiers, U2, are configured in a gain of +2 to set the circuit 
gain equal to one. Resistors R2 and R3 determine the ampli- 
fier gain, and if a different gain is desired R2 should be 
changed according to the equation G = (1 + R3/R2). R3 sets 
the frequency response of the amplifier so you should refer 
to the manufacturers data sheet before changing it’s value. 
R5, Cl and D1 are an asymmetrical charge/discharge time 
circuit which configures U1 as a break before make switch to 
prevent both amplifiers from being active simultaneously. If 
this design is extended to more channels the drive logic 
must be designed to be break before make. R4 is enclosed 
in the feedback loop of the amplifier so that the large open 
loop amplifier gain of U2 will present the load with a small 
closed loop output impedance while keeping the amplifier 
stable for all values of load capacitance. 

The circuit shown in Figure 58 was tested for the full range 
of capacitor values with no oscillations being observed; thus, 
problem one has been solved. The frequency and gain char- 
acteristics of the circuit are now those of the amplifier and 
independent of any multiplexing action; thus, problem two 
has been solved. The multiplexer transition time is approxi- 
mately 15jis with the component values shown. 
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FIGURE 57. TWO CHANNEL HIGH IMPEDANCE MULTIPLEXER 



FIGURE 58. LOW IMPEDANCE MULTIPLEXER 





Features 

• Dual Version of HA-5020 

• Individual Output Enable/Disable 

• Input Offset Voltage 800pV 

• Wide Unity Gain Bandwidth 125MHz 

• Slew Rate 475V/fxs 

• Differential Gain 0.03% 

• Differential Phase 0.03 Deg. 

• Supply Current (per Amplifier) 7.5mA 

• ESD Protection 4000V 

• Guaranteed Specifications at ±5V Supplies 

Applications 

• Video Multiplexers; Video Switching and Routing 

• Video Gain Block 

• Video Distribution Amplifier/RGB Amplifier 

• Flash A/D Driver 

• Current to Voltage Converter 

• Medical Imaging 

• Radar and Imaging Systems 


Description 

The HA5022 is a dual version of the popular Harris HA- 
5020. It features wide bandwidth and high slew rate, and is 
optimized for video applications and gains between 1 and 
10. It is a current feedback amplifier and thus yields less 
bandwidth degradation at high closed loop gains than volt- 
age feedback amplifiers. 

The low differential gain and phase, 0.1 dB gain flatness, and 
ability to drive two back terminated 75Q cables, make this 
amplifier ideal for demanding video applications. 

The HA5022 also features a disable function that signifi- 
cantly reduces supply current while forcing the output to a 
true high impedance state. This functionality allows 2:1 video 
multiplexers to be implemented with a single 1C. 

The current feedback design allows the user to take advan- 
tage of the amplifier’s bandwidth dependency on the feed- 
back resistor. By reducing R F , the bandwidth can be 
increased to compensate for decreases at higher closed 
loop gains or heavy output loads. 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA5022IP -40°C to +85°C 16 Lead Plastic DIP 

HA5022IB -40°C to +85°C 1 6 Lead Plastic SOIC (N) 



Pinout 


HA5022 

(PDIP, 150 MIL SOIC) 

TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright ©Harris Corporation 1995 _ 


File Number 3392.3 
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Specifications HA5022 


Absolute Maximum Ratings (Note 1) Operating Conditions 

ESD Protection (Note 15) 2000V Operating Temperature Range 

Voltage Between V+ and V- Terminals 36V HA5022I -40°C < T A < +85°C 

DC Input Voltage ±V S upply Supply Voltage Range ±4.5V to +15V 

Differential Input Voltage 10V Storage Temperature Range -65°C < T A < +150°C 

Output Current (Note 2) Short Circuit Protected Thermal Package Characteristics (°C/W) 0 JA 

Junction Temperature (Note 19) +175°C Plastic DIP 90 

Junction Temperature (Plastic Package) (Note 19) ... . . . . +150°C SOIC 115 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v+ = +5V, v- = -5V, r f = i ka, a v = +i , r l = 40 on, c L < iopF, 
Unless Otherwise Specified 


(NOTE 12) 

TEST 

PARAMETER LEVEL 


INPUT CHARACTERISTICS 


Input Offset Voltage (V )0 ) 


Delta V| 0 Between Channels 


Average Input Offset Voltage Drift 


V| 0 Common Mode Rejection Ratio (Note 3) 


Vjo Power Supply Rejection Ratio (Note 4) 


Input Common Mode Range (Note 3) 


Non-Inverting Input (+IN) Current 


only rating and operation 


+IN Common Mode Rejection (Note 3) 
(+ !bcmr = r ) 

IN 


+IN Power Supply Rejection (Note 4) 


Inverting Input (-IN) Current 


Delta -IN BIAS Current Between Channels 


-IN Common Mode Rejection (Note 3) 


-IN Power Supply Rejection (Note 4) 


Input Noise Voltage (f = 1kHz) 


♦Input Noise Current (f = 1kHz) 


-Input Noise Current (f = 1kHz) 


TRANSFER CHARACTERISTICS 


Transimpedance (Note 21) 


Open Loop DC Voltage Gain 
R l = 400Q, V 0UT = ±2.5V 
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Specifications HA5022 


Electrical Specifications 


V+ = +5V, V- = -5V, R F = 1 kO, A v = +1 , R L = 4000, C L < 1 0pF, 
Unless Otherwise Specified (Continued) 



Open Loop DC Voltage Gain 
R L = 100O, Vqut = +2.5V 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 20) 


Output Current (Note 20) 


Output Current (Short Circuit, Note 13) 


Output Current (Disabled, Notes 5, 14) 


Output Disable Time (Note 15) 


Output Enable Time (Note 1 6) 


Output Capacitance (Disabled, Notes 5, 17) 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Quiescent Supply Current 


Supply Current, Disabled (Note 5) 


Disable Pin Input Current (Note 5) 


Minimum Pin 8 Current to Disable (Note 6) 


Maximum Pin 8 Current to Enable (Note 7) 


AC CHARACTERISTICS (A v = +1) 


Slew Rate (Note 8) 


Full Power Bandwidth (Note 9) 


Rise Time (Note 10) 


Fall Time (Note 1 0) 


Propagation Delay (Note 1 0) 


Overshoot 


-3dB Bandwidth (Note 1 1 ) 


Settling Time to 1%, 2 V Output Step 


Settling Time to 0.25%, 2 V Output Step 


AC CHARACTERISTICS (A v = +2, R F = 6810) 


Slew Rate (Note 8) 


Full Power Bandwidth (Note 9) 


Rise Time (Note 10) 


Fall Time (Note 10) 


Propagation Delay (Note 10) 


Overshoot 


-3dB Bandwidth (Note 1 1 ) 


Settling Time to 1%, 2 V Output Step 


Settling Time to 0.25%, 2 V Output Step 


Gain Flatness 


(NOTE 12) 

TEST 

LEVEL 


TEMPERATURE 


HA5022I 


TYP 


+25°C 

50 

Full 

45 
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Specifications HA5022 


Electrical Specifications v+ = +sv, v- = -sv, r f = ikn, a v = +1, r l = 40 on, c u < iopF, 

Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE 12) 

TEST 

LEVEL 

TEMPERATURE 

AC CHARACTERISTICS (A v = +10, R F = 383Q) 

Slew Rate (Note 8) 

B 

+25°C 

Full Power Bandwidth (Note 9) 

B 

+25°C 

Rise Time (Note 10) 

B 

+25°C 

Fall Time (Note 10) 

B 

+25°C 

Propagation Delay (Note 10) 

B 

+25°C 

Overshoot 

B 

+25°C 

-3dB Bandwidth (Note 11) 

B 

+25°C 

Settling Time to 1%, 2V Output Step 

B 

+25°C 

Settling Time to 0.1%, 2V Output Step 

B 

+25°C 

VIDEO CHARACTERISTICS 

Differential Gain (Notes 18, 20) 

B 

+25°C 

Differential Phase (Notes 18, 20) 

B 

+25°C 


HA5022I 





1 . Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired* Func- 
tional operation under any of these conditions is not necessarily implied. 

2. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 

3. V CM = ±2.5V. At -40°C Product is tested at V CM = ±2.25V because short test duration does not allow self heating. 

4. +3.5V < V s £ ±6.5V. 

5. Disable = 0V. 

6. R l = 100Q, V )N = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 
is considered disabled when -lOmV < V 0 ut ^ +10mV. 

7. V )N = 0V. This is the maximum current that can be pulled out of the Disable pin with the HA5024 remaining enabled. The HA5024 is con- 
sidered disabled when the supply current has decreased by at least 0.5mA. 

8. V 0 uT switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 

~ Slew Rate 


10. R L = 100Q, V 0 ut = IV. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 

11. R L = 400Q, V 0UT = 1 0OmV. 

12. A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only. 

13. V 1N = +2.5V, V 0U T = 0V. 

14. V 0UT = ±2.5V, V| N = OV. 

15. V !N = +2V, Disable = +5V to 0V. Measured from the 50% point of Disable to V 0UT = 0V. 

16. V iN = +2V, Disable = 0V to +5V. Measured from the 50% point of Disable to V 0 ut = 2V. 

17. V )N = 0V, Force V OUT from OV to +2.5V, t R = t F = 50ns. 

18. Measured with a VM700A video tester using an NTC-7 composite VITS. 

19. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below 
+150°C for plastic packages. See Applications Information section for safe operating area information. 

20. R L =150Q. 

21 . V 0 ut = ± 2.5V. At -40°C Product is tested at V 0 ut = ±2.25V because short test duration does not allow self heating. 

22. ESD Protection is for human body model tested per MIL-STD-883, Method 3015.7. 


2-40 






































































2-41 


Schematic 




HA5022 








HA5022 


Test Circuits 


HP4195 

NETWORK 

ANALYZER 



FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 



R f , IK =■ 

FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 4. SMALL SIGNAL RESPONSE 

Vertical Scale: V iN = 100mV/Div., V 0UT = lOOmV/Div. 
Horizontal Scale: 20ns/Div. 
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FIGURE 5. LARGE SIGNAL RESPONSE 

Vertical Scale: V )N = 1V/Div., V 0UT = IV/Div. 
Horizontal Scale: 50ns/Div. 
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Optimum Feedback Resistor 

The plots of inverting and non-inverting frequency response, 
see Figure 11 and Figure 12 in the Typical Performance 
Curves section, illustrate the performance of the HA5022 in 
various closed loop gain configurations. Although the band- 
width dependency on closed loop gain isn’t as severe as that 
of a voltage feedback amplifier, there can be an appreciable 
decrease in bandwidth at higher gains. This decrease may 
be minimized by taking advantage of the current feedback 
amplifier’s unique relationship between bandwidth and R F 
AH current feedback amplifiers require a feedback resistor, 
even for unity gain applications, and R F , in conjunction with 
the internal compensation capacitor, sets the dominant pole 
of the frequency response. Thus, the amplifier’s bandwidth 
is inversely proportional to R F . The HA5022 design is opti- 
mized for a 1000ft R F at a gain of +1. Decreasing R F in a 
unity gain application decreases stability, resulting in exces- 
sive peaking and overshoot. At higher gains the amplifier is 
more stable, so R F can be decreased in a trade-off of stabil- 
ity for bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. 


GAIN 

(Acl) 

Rp(O) 

BANDWIDTH 

(MHz) 

-1 

750 

100 

+1 

1000 

125 

+2 

681 

95 

+5 

1000 

52 

+10 

383 

65 

-10 

750 

22 


Driving Capacitive Loads 

Capacitive loads will degrade the amplifier’s phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 



FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 

The selection criteria for the isolation resistor is highly 
dependent on the load, but 27ft has been determined to be 
a good starting value. 

Power Dissipation Considerations 

Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Tj see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient tempera- 
ture versus supply voltage for the available package styles 
(Plastic DIP, SOIC). At ±5V DC quiescent operation both 
package styles may be operated over the full industrial 
range of -40°C to +85°C. It is recommended that thermal 
calculations, which take into account output power, be per- 
formed by the designer. 


PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 

Attention must be given to decoupling the power supplies. A 
large value (lOpF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1 pF) chip capacitor works well in 
most cases. 

A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. It is 
recommended that the ground plane be removed under 
traces connected to -IN, and that connections to -IN be kept 
as short as possible to minimize the capacitance from this 
node to ground. 
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SUPPLY VOLTAGE (±V) 

FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 

Enable/Disable Function 

When enabled the amplifier functions as a normal current 
feedback amplifier with all of the data in the electrical specifi- 
cations table being valid and applicable. When disabled the 
amplifier output assumes a true high impedance state and 
the supply current is reduced significantly. 
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The circuit shown in Figure 8 is a simplified schematic of the 
enable/disable function. The large value resistors in series 
with the DISABLE pin makes it appear as a current source to 
the driver. When the driver pulls this pin low current flows out 
of the pin and into the driver. This current, which may be as 
large as 350pA when external circuit and process variables 
are at their extremes, is required to insure that point “A” 
achieves the proper potential to disable the output. The 
driver must have the compliance and capability of sinking all 
of this current. 



FIGURE 8. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE 
FUNCTION 

When V cc is +5V the DISABLE pin may be driven with a 
dedicated TTL gate. The maximum low level output voltage 
of the TTL gate, 0.4V, has enough compliance to insure that 
the amplifier will always be disabled even though D1 will not 
turn on, and the TTL gate will sink enough current to keep 
point “A” at its proper voltage. When V cc is greater than +5 
volts the DISABLE pin should be driven with an open collec- 
tor device that has a breakdown rating greater than V cc . 

Referring to Figure 8, it can be seen that R6 will act as a 
pull-up resistor to +V CC if the DISABLE pin is left open. In 
those cases where the enable/disable function is not 
required on all circuits some circuits can be permanently 
enabled by letting the DISABLE pin float. If a driver is used 
to set the enable/disable level, be sure that the driver does 
not sink more than 20pA when the DISABLE pin is at a high 
level. TTL gates, especially CMOS versions, do not violate 
this criteria so it is permissible to control the enable/disable 
function with TTL. 

Two Channel Video Multiplexer 

Referring to the amplifier U1 A in Figure 9, R1 terminates the 
cable in its characteristic impedance of 75Q, and R4 back 
terminates the cable in its characteristic impedance. The 
amplifier is set up in a gain configuration of +2 to yield an 
overall network gain of +1 when driving a double terminated 
cable. The value of R3 can be changed if a different network 
gain is desired. R5 holds the disable pin at ground thus 
inhibiting the amplifier until the switch, SI, is thrown to posi- 
tion 1. At position 1 the switch pulls the disable pin up to the 


plus supply rail thereby enabling the amplifier. Since all of 
the actual signal switching takes place within the amplifier, 
it’s differential gain and phase parameters, which are 0.03% 
and 0.03 degrees respectively, determine the circuit’s perfor- 
mance. The other circuit, Ulb, operates in a similar manner. 

When the plus supply rail is 5V the disable pin can be driven 
by a dedicated TTL gate as discussed earlier. If a multiplexer 
1C or its equivalent is used to select channels its logic must 
be break before make. When these conditions are satisfied 
the HA5022 is often used as a remote video multiplexer, and 
the multiplexer may be extended by adding more amplifier 
ICs. 

Low Impedance Multiplexer 

Two common problems surface when you try to multiplex 
multiple high speed signals into a low impedance source 
such as an A/D converter. The first problem is the low source 
impedance which tends to make amplifiers oscillate and 
causes gain errors. The second problem is the multiplexer 
which supplies no gain, introduces all kinds of distortion and 
limits the frequency response. Using op amps which have an 
enable/disable function, such as the HA5022, eliminates the 
multiplexer problems because the external mux chip is not 
needed, and the HA5022 can drive low impedance (large 
capacitance) loads if a series isolation resistor is used. 

Referring to Figure 10, both inputs are terminated in their 
characteristic impedance; 75Q is typical for video applica- 
tions. Since the drivers usually are terminated in their char- 
acteristic impedance the input gain is 0.5, thus the 
amplifiers, U2, are configured in a gain of +2 to set the circuit 
gain equal to one. Resistors R2 and R3 determine the ampli- 
fier gain, and if a different gain is desired R2 should be 
changed according to the equation G = (1 + R3/R2). R3 sets 
the frequency response of the amplifier so you should refer 
to the manufacturers data sheet before changing it’s value. 
R5, Cl and D1 are an asymmetrical charge/discharge time 
circuit which configures U1 as a break before make switch to 
prevent both amplifiers from being active simultaneously. If 
this design is extended to more channels the drive logic 
must be designed to be break before make. R4 is enclosed 
in the feedback loop of the amplifier so that the large open 
loop amplifier gain of U2 will present the load with a small 
closed loop output impedance while keeping the amplifier 
stable for all values of load capacitance. 

The circuit shown in Figure 1 0 was tested for the full range 
of capacitor values with no oscillations being observed; thus, 
problem one has been solved.The frequency and gain char- 
acteristics of the circuit are now those of the amplifier inde- 
pendent of any multiplexing action; thus, problem two has 
been solved. The multiplexer transition time is approximately 
1 5jj.s with the component values shown. 
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VIDEO INPUT #1 < 


„ U1A R4 

1 75 


„ VIDEO OUTPUT 
* TO 75Q LOAD 


1 f WH <R5 
I R2 > 2000 

£3 681 1 


VIDEO INPUT #2 < 


+5V IN ◄— 
0.1 nF 


<R10 

i I R7 > 2000 

' js * 1 


I 1 


— ► +5V -5V IN ◄— 

10(iF 0.1 nF 


1 1* 


NOTES: 

1. U1 is HA5022 

2. All resistors in Q 

— ► -5V 

3. SI is break before make 

i0|iF 4. Use ground plane 


FIGURE 9. TWO CHANNEL HIGH IMPEDANCE MULTIPLEXER 
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NOTES: 

1. U2: HA5022 

2. U1: CD4011 


FIGURE 10. LOW IMPEDANCE MULTIPLEXER 
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Typical Performance Curves v SU pply = ±sv, a v = +1 , r f = i kn, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified 



2 10 100 200 2 10 100 200 
FREQUENCY (MHz) FREQUENCY (MHz) 

FIGURE 11. NON-INVERTING FREQENCY RESPONSE FIGURE 12. INVERTING FREQUENCY RESPONSE 
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DISTORTION (dBc) DIFFERENTIAL GAIN (%) -3dB BANDWIDTH (MHz) 


HA5022 


Typical Performance Curves v SU p PLY = ±sv, a v = + 1 , r f = i kn, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 




3 5 7 9 11 13 15 

SUPPLY VOLTAGE (±V) 

FIGURE 19. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE 


V OUT = O.IVp.p 

C L = lOpF 




/ 






200 350 500 650 800 950 

FEEDBACK RESISTOR (Q) 

FIGURE 17. BANDWIDTH vs FEEDBACK RESISTANCE 


6 — ^ VsuppLY = 41 5V ’ A v = +2 ■ 

^XVVsuPPLY = ±5V * A v = +1 

f Vsupply = ±1 5V, A v — +1 

°0 200 400 600 800 10( 

LOAD RESISTANCE (Q) 

FIGURE 18. SMALL SIGNAL OVERSHOOT vs LOAD 
RESISTANCE 


FREQUENCY = 3.58NIHz 






3 5 7 9 11 13 1 

SUPPLY VOLTAGE (±V) 

FIGURE 20. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE 



V OU t = 2.0V p _p 
C L = 30pF 
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FIGURE 21. DISTORTION vs FREQUENCY 
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FIGURE 22. REJECTION RATIOS vs FREQUENCY 
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NORMALIZED GAIN (dB) SLEW RATE (V/ps) PROPAGATION DELAY (ns) 


HA5022 


Typical Performance Curves v SUPPU y = ±sv, a v = + 1 , r f = i kn, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 



-50 -25 0 +25 +50 +75 +100 +125 3 5 7 9 11 13 15 


TEMPERATURE (°C) SUPPLY VOLTAGE (±V) 


FIGURE 23. PROPAGATION DELAY vs TEMPERATURE FIGURE 24. PROPAGATION DELAY vs SUPPLY VOLTAGE 
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FIGURE 25. SLEW RATE vs TEMPERATURE FIGURE 26. NON-INVERTING GAIN FLATNESS vs FREQUENCY 



FIGURE 27. INVERTING GAIN FLATNESS vs FREQUENCY 


FIGURE 28. INPUT NOISE CHARACTERISTICS 


CURRENT NOISE (pA/VHz) 





( A iu) oi A (v*) iNBuano svia (vui) °°i 


HA5022 


Typical Performance Curves v SUPPLY = ±sv, a v = +1 , r f = i ko, r l = 400a t a = 25°c, 

Unless Otherwise Specified (Continued) 



TEMPERATURE (°C) 


: IGURE 29. INPUT OFFSET VOLTAGE vs TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 

FIGURE 31. -INPUT BIAS CURRENT vs TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


TEMPERATURE (°C) 

FIGURE 30. +INPUT BIAS CURRENT vs TEMPERATURE 



TEMPERATURE (°C) 

FIGURE 32. TRANSIMPEDANCE vs TEMPERATURE 



SUPPLY VOLTAGE (±V) TEMPERATURE (°C) 

FIGURE 33. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 34. REJECTION RATIO vs TEMPERATURE 
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HA5022 


Typical Performance Curves v SU p PUY =±sv, a v = +i,r f =i kn, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 




0.01 0.10 1.00 10.00 
LOAD RESISTANCE (kn) 

FIGURE 37. OUTPUT SWING vs LOAD RESISTANCE 




-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


TEMPERATURE (°C) 

FIGURE 38. INPUT OFFSET VOLTAGE CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 
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TEMPERATURE (°C) SUPPLY VOLTAGE (±V) 


FIGURE 39. INPUT BIAS CURRENT CHANGE BETWEEN FIGURE 40. DISABLE SUPPLY CURRENT vs SUPPLY 

CHANNELS vs TEMPERATURE VOLTAGE 




FEEDTHROUGH (dB) SEPARATION (dBc) 


HA5022 
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PHASE ANGLE (DEGREES) m DISABLE TIME (ns) 






HA5022 


Die Characteristics 

DIE DIMENSIONS: 

1 650pm x 2540pm x 483pm ±25.4pm 

METALLIZATION: 

Type: Metal 1: AlCu (1%), Metal 2: AlCu (1%) 

Thickness: Metal 1 : 8kA ± 0.4kA, Metal 2: 1 6kA ± 0.8kA 

WORST CASE CURRENT DENSITY: 

1 .62 x 1 0 5 A/cm 2 at 35mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.4kA 

TRANSISTOR COUNT: 124 

PROCESS: High Frequency Bipolar Dielectric Isolation 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

Metallization Mask Layout 

HA5022 
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Features 

• Wide Unity Gain Bandwidth 125MHz 

• Slew Rate 475V/ns 

• Input Offset Voltage 800|iV 

• Differential Gain 0.03% 

• Differential Phase 0.03 Deg. 

• Supply Current (per Amplifier) 7.5mA 

• ESD Protection 4000V 

• Guaranteed Specifications at ±5V Supplies 

Applications 

• Video Gain Block 

• Video Distribution Amplifier/ RGB Amplifier 

• Flash A/D Driver 

• Current to Voltage Converter 

• Medical Imaging 

• Radar and Imaging Systems 

• Video Switching and Routing 


Description 

The HA5023 is a wide bandwidth high slew rate dual ampli- 
fier optimized for video applications and gains between 1 
and 10. It is a current feedback amplifier and thus yields less 
bandwidth degradation at high closed loop gains than volt- 
age feedback amplifiers. 

The low differential gain and phase, 0.1 dB gain flatness, and 
ability to drive two back terminated 75Q cables, make this 
amplifier ideal for demanding video applications. 

The current feedback design allows the user to take advan- 
tage of the amplifier’s bandwidth dependency on the feed- 
back resistor. By reducing R F , the bandwidth can be 
increased to compensate for decreases at higher closed 
loop gains or heavy output loads. 

The performance of the HA5023 is very similar to the popu- 
lar Harris HA-5020. 


Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE PACKAGE 

-40°C to +85°C 8 Lead Plastic DIP 



HA5023IP -40°C to +85°C 8 Lead Plastic DIP 

HA5023IB -40°C to +85°C 8 Lead Plastic SOIC (N) 


Pinout 


HA5023 
(PDIP, SOIC) 
TOP VIEWV 


OUT1 [T 
-INI |T 
♦INI [3 
V-[4 


J[J V* 

7 ] OUT2 

H -IN2 

7 ] +IN2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 _ 
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Specifications HA5023 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


ESD Protection (Note 15) 2000V Operating Temperature Range 


Voltage Between V+ and V- Terminals 36V HA5023I 

DC Input Voltage ±V SU p PLY Supply Voltage Range 

Differential Input Voltage 10V Storage Temperature Range 

Output Current (Note 2) . Short Circuit Protected Thermal Package Characteristics (°C/W) 

Junction Temperature (Note 12) +175°C Plastic DIP 

Junction Temperature (Plastic Package) (Note 12) ...... . +150°C SOIC 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


., -40°C < T A < +85°C 

±4.5V to ±15V 

-65°C<T a <+150°C 

e JA 

130 

160 


only rating and operation 


Electrical Specifications v+ = +5V, v- = -5V, r f = i kn, a v = +i , R L = 40oa, c L < i opF, 
Unless Otherwise Specified 


(NOTE 16) 

TEST 

PARAMETER LEVEL TEMPERATURE 


INPUT CHARACTERISTICS 


Input Offset Voltage (V i0 ) 


Delta V| 0 Between Channels 


Average Input Offset Voltage Drift 


V| 0 Common Mode Rejection Ratio (Note 3) 


V| 0 Power Supply Rejection Ratio (Note 4) 


Input Common Mode Range (Note 3) 


Non-Inverting Input (+IN) Current 


+IN Common Mode Rejection (Note 3) 



(+Iscmr= ^ ) 


+IN Power Supply Rejection (Note 4) 


Inverting Input (-IN) Current 


Delta - IN BIAS Current Between Channels 


-IN Common Mode Rejection (Note 3) 


-IN Power Supply Rejection (Note 4) 
















































































































Specifications HA5023 


Electrical Specifications v+ = +5V, v- = -5V, r f = i kn, a v = + 1 , r l = 40on, c L < i opF, 
Unless Otherwise Specified (Continued) 


PARAMETER 


TRANSFER CHARACTERISTICS 


Transimpedence (Note 14) 


Open Loop DC Voltage Gain, R L = 400ft, V 0UT = ±2.5V 


Open Loop DC Voltage Gain, R L = 100ft, V 0 ut = ±2.5V 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 13) 


Output Current (Note 13) 


Output Current (Short Circuit, Note 10) 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Quiescent Supply Current 


AC CHARACTERISTICS (A v = +1) 


Slew Rate (Note 5) 


Full Power Bandwidth (Note 6) 


Rise Time (Note 7) 


Fall Time (Note 7) 


Propagation Delay (Note 7) 


Overshoot 


-3dB Bandwidth (Note 8) 


Settling Time to 1%, 2V Output Step 


Settling Time to 0.25%, 2 V Output Step 


AC CHARACTERISTICS (A v = +2, R F = 681ft) 


Slew Rate (Note 5) 


Full Power Bandwidth (Note 6) 


Rise Time (Note 7) 


Fall Time (Note 7) 


Propagation Delay (Note 7) 


Overshoot 


(NOTE 16) 

TEST 

LEVEL TEMPERATURE 


HA5023I 





+25°C 

±2.5 

Full 

±2.5 

Full 

±16.6 

Full 

±40 


±3.0 


±3.0 
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Specifications HA5023 


Electrical Specifications v+ = +5V, v- = -sv, r f = i kn, a v = +1 , r l = 400a c L < i opF, 
Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE 16) 

TEST 

LEVEL 

TEMPERATURE 

-3dB Bandwidth (Note 8) 

B 

+25°C 

Settling Time to 1%, 2V Output Step 

B 

+25°C 

Settling Time to 0.25%, 2V Output Step 

B 

+25°C 

Gain Flatness 5MHz 

B 

+25°C 

20MHz 

B 

+25°C 

AC CHARACTERISTICS (A v = +10, R F = 383ft) 

Slew Rate (Note 5) 

B 

+25°C 

Full Power Bandwidth (Note 6) 

B 

+25°C 

Rise Time (Note 7) 

B 

+25°C 

Fall Time (Note 7) 

B 

+25°C 

Propagation Delay (Note 7) 

B 

+25°C 

Overshoot 

B 

+25°C 

-3dB Bandwidth (Note 8) 

B 

+25°C 

Settling Time to 1%, 2V Output Step 

B 

+25°C 

Settling Time to 0.1%, 2V Output Step 

B 

+25°C 

VIDEO CHARACTERISTICS 

Differential Gain (Notes 11,13) 

B 

+25°C 

Differential Phase (Notes 11, 13) 

B 

+25°C 



1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 

2. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 

3. V CM = ±2.5V. At -40°C Product is tested at V CM = ±2.25V because Short Test Duration does not allow self heating. 

4. ±3.5V<V S < ±6.5V 

5. V 0UT switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 


6 2 ( fpbw=2 ^ :Vpeak=2V ) 

7. R l = 100ft, Vqut = 1 V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 

8. R l = 400ft, V 0UT = lOOmV. 

9. A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only. 

10. V IN = ±2.5V, V OUT = OV. 

1 1 . Measured with a VM700A video tester using an NTC-7 composite VITS. 

12. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below 
+150°C for plastic packages. See Applications Information section for safe operating area information. 

13. R L = 150ft. 

14. Vqut = ±2.5V. At -40°C Product is tested at V 0UT = ±2.25V because Short Test Duration does not allow self heating. 

15. ESD protection is for human body model tested per MIL-STD-883, Method 3015.7. 

16. A. Production Tested; B. Guaranteed limit or Typical based on characterization; C. Design Typical for information only. 
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HA5023 


Test Circuits 


HP4195 

NETWORK 

ANALYZER 



FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 



- R F , IK "= 

FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 



Itf 

i ' j 

r 




“If 



... 

Tm J 







~ 


1 

19 






FIGURE 4. SMALL SIGNAL RESPONSE 

Vertical Scale: V, N = lOOmV/Div., V 0UT = lOOmV/Div. 
Horizontal Scale: 20ns/Div. 


FIGURE 5. LARGE SIGNAL RESPONSE 

Vertical Scale: V| N = 1V/Div., V 0UT = 1 V/Div. 
Horizontal Scale: 50ns/Div. 
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HA5023 


Application Information 

Optimum Feedback Resistor 

The plots of inverting and non-inverting frequency response, 
see Figure 8 and Figure 9 in the typical performance section, 
illustrate the performance of the HA5023 in various closed 
loop gain configurations. Although the bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifier’s 
unique relationship between bandwidth and R F . All current 
feedback amplifiers require a feedback resistor, even for 
unity gain applications, and R F , in conjunction with the inter- 
nal compensation capacitor, sets the dominant pole of the 
frequency response. Thus, the amplifier’s bandwidth is 
inversely proportional to R F . The HA5023 design is opti- 
mized for a 1000 Q R F at a gain of +1. Decreasing R F in a 
unity gain application decreases stability, resulting in exces- 
sive peaking and overshoot. At higher gains the amplifier is 
more stable, so R F can be decreased in a trade-off of stabil- 
ity for bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. 


GAIN 

(Acl) 

R F (0) 

BANDWIDTH 

(MHz) 

-1 

750 

100 

+1 

1000 

125 

+2 

681 

95 

+5 

1000 

52 

+10 

383 

65 

-10 

750 

22 


mended that the ground plane be removed under traces 
connected to -IN, and that connections to -IN be kept as 
short as possible to minimize the capacitance from this node 
to ground. 

Driving Capacitive Loads 

Capacitive loads will degrade the amplifier’s phase margin 
resulting in frequency response peaking and possible oscilla- 
tions. In most cases the oscillation can be avoided by placing 
an isolation resistor (R) in series with the output as shown in 
Figure 6. 


Wv 1 it c L 

Rf 1 


PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 

Attention must be given to decoupling the power supplies. A 
large value (lOpF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1 pF) chip capacitor works well in 
most cases. 

A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. It is recom- 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 

The selection criteria for the isolation resistor is highly 
dependent on the load, but 27Q has been determined to be 
a good starting value. 

Power Dissipation Considerations 

Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Tj, see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient tempera- 
ture versus supply voltage for the available package styles 
(Plastic DIP, SOIC). At ±5V DC quiescent operation both pack- 
age styles may be operated over the full industrial range of - 
40°C to +85°C. It is recommended that thermal calculations, 
which take into account output power, be performed by the 
designer. 



SUPPLY VOLTAGE (±V) 


FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 
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GAIN PEAKING (dB) 












TH (MHz) 


HA5023 


Typical Performance Curves v SU p PLY = ±sv, a v = +i , r f = i wj, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 


V OUT = °- 1V P-P 
C L a 10pF 

s 






T 


y 






■ Vsupply = ±5V - A V = +2 ■ 
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NORMALIZED GAIN (dB) SLEW RATE ( v/ ^ s > PROPAGATION DELAY (ns) 


HA5023 


Typical Performance Curves v SUP PLY = ±sv, a v = +i, r f = ikq, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 



-50 -25 0 +25 +50 +75 +100 +125 3 5 7 9 11 13 15 


TEMPERATURE (°C) SUPPLY VOLTAGE (±V) 


FIGURE 20. PROPAGATION DELAY vs TEMPERATURE FIGURE 21 . PROPAGATION DELAY vs SUPPLY VOLTAGE 



TEMPERATURE (°C) FREQUENCY (MHz) 

FIGURE 22. SLEW RATE vs TEMPERATURE FIGURE 23. NON-INVERTING GAIN FLATNESS vs FREQUENCY 



FIGURE 24. INVERTING GAIN FLATNESS vs FREQUENCY FIGURE 25. INPUT NOISE CHARACTERISTICS 
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CURRENT NOISE (pA/VHz) 





Ice (mA) BIAS CURRENT (nA) V I0 ( mV ) 


HA5023 


Typical Performance Curves v SUPPLY = ±sv. a v = +1 , r f = i ka, r l = 400a t a = 25 °c, 

Unless Otherwise Specified (Continued) 





-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 -60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) TEMPERATURE (°C) 

: IGURE 26. INPUT OFFSET VOLTAGE vs TEMPERATURE FIGURE 27. +INPUT BIAS CURRENT vs TEMPERATURE 



i 6 i 1 1 1 1 1 1 1 1 1 1 1000LI I I I 1 I I I I I I 

-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 -60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 



TEMPERATURE (°C) 


FIGURE 28. -INPUT BIAS CURRENT vs TEMPERATURE 


TEMPERATURE (°C) 


FIGURE 29. TRANSIMPEDANCE vs TEMPERATURE 




3 4 5 6 7 8 9 10 11 12 13 14 15 .100 -50 0 +50 +100 +150 +200 +250 


SUPPLY VOLTAGE (±V) 


TEMPERATURE (°C) 


FIGURE 30. SUPPLY CURRENT vs SUPPLY VOLTAGE 


FIGURE 31. REJECTION RATIO vs TEMPERATURE 
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HA5023 


Typical Performance Curves v SUPPLY = ±5v, a v = + 1 , r f = iko, r l = 4ooq, t a = 25°c, 

Unless Otherwise Specified (Continued) 




0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DISABLE INPUT VOLTAGE (V) 


FIGURE 32. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE 




-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 

FIGURE 33. OUTPUT SWING vs TEMPERATURE 



LOAD RESISTANCE (kO) 


FIGURE 34. OUTPUT SWING vs LOAD RESISTANCE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 

FIGURE 35. INPUT OFFSET VOLTAGE CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 

FIGURE 36. INPUT BIAS CURRENT CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 



10 30 


FREQUENCY (MHz) 


FIGURE 37. CHANNEL SEPARATION vs FREQUENCY 
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FEEDTHROUGH (dB) 


HA5023 


Typical Performance Curves v SUPPLY = ±sv, Ay = +1 , r f = i kn, r u = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 



0.1 1 10 20 0.001 0.01 0.1 1 10 100 
FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 38. DISABLE FEEDTHROUGH vs FREQUENCY FIGURE 39. TRANSIMPEDANCE vs FREQUENCY 



0.001 0.01 0.1 1 10 100 
FREQUENCY (MHz) 


FIGURE 40. TRANSIMPEDENCE vs FREQUENCY 
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Die Characteristics 

DIE DIMENSIONS: 

1 650nm x 2540pm x 483pm ±25.4pm 

METALLIZATION: 

Type: Metal 1: AlCu (1%), Metal 2: AlCu (1%) 

Thickness: Metal 1: 8kA ± 0.4kA, Metal 2: 16kA ± 0.8kA 

WORST CASE CURRENT DENSITY: 

1 .9 x 1 0 5 A/cm 2 at 1 5mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

GLASSI VATION : 

Type: Nitride 
Thickness: 4kA ± 0.4kA 

TRANSISTOR COUNT: 124 

PROCESS: High Frequency Bipolar Dielectric Isolation 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

Metallization Mask Layout 

HA5023 


5 o 

O 2 



z z 
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Features 

• Quad Version of HA-5020 

• Individual Output Enable/Disable 

• Input Offset Voltage 800^V 

• Wide Unity Gain Bandwidth 125MHz 

• Slew Rate 475V/^is 

• Differential Gain 0.03% 

• Differential Phase 0.03 Deg. 

• Supply Current (per Amplifier) 7.5mA 

• ESD Protection 4000V 

• Guaranteed Specifications at ±5V Supplies 

Applications 

• Video Multiplexers; Video Switching and Routing 

• Video Gain Block 

• Video Distribution Amplifier/RGB Amplifier 

• Flash A/D Driver 

• Current to Voltage Converter 

• Medical Imaging 

• Radar and Imaging Systems 


Description 

The HA5024 is a quad version of the popular Harris 
HA5020. It features wide bandwidth and high slew rate, and 
is optimized for video applications and gains between 1 and 
10. It is a current feedback amplifier and thus yields less 
bandwidth degradation at high closed loop gains than volt- 
age feedback amplifiers. 

The low differential gain and phase, 0.1 dB gain flatness, and 
ability to drive two back terminated 750 cables, make this 
amplifier ideal for demanding video applications. 

The HA5024 also features a disable function that signifi- 
cantly reduces supply current while forcing the output to a 
true high impedance state. This functionality allows 2:1 and 
4:1 video multiplexers to be implemented with a single 1C. 

The current feedback design allows the user to take advan- 
tage of the amplifier’s bandwidth dependency on the feed- 
back resistor. By reducing R F , the bandwidth can be 
increased to compensate for decreases at higher closed 
loop gains or heavy output loads. 


Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 


NUMBER RANGE PACKAGE 

HA5024IP -40°C to +85°C 20 Lead Plastic DIP 

HA5024IB -40°C to +85°C 20 Lead Plastic SOIC (W) 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 0 
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Specifications HA5024 


Absolute Maximum Ratings (Note i) 

ESD Protection (Note 22) 2000V 

Voltage Between V+ and V- Terminals 36V 

DC Input Voltage ±v supply 


Operating Conditions 

Operating Temperature Range 

HA5024I -40°C < T A < +85°C 

Supply Voltage Range ±4.5V to ±15V 


Differential Input Voltage 10V Storage Temperature Range -65°C < T A < +150°C 

Output Current (Note 2) Short Circuit Protected Thermal Package Characteristics (°C/W) 0 JA 

Junction Temperature (Note 19) +1 75°C Plastic DIP 75 

Junction Temperature (Plastic Package) (Note 19) +150°C qn)r Qn 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v+ = +5V, v- = -5V, r f = iko, a v = +i, R L = 400Q, c L < iopF, 
Unless Otherwise Specified 



(NOTE 12) 



TEST 


PARAMETER 

LEVEL 

TEMPERATURE 



INPUT CHARACTERISTICS 


Input Offset Voltage (V )0 ) 


Delta V| 0 Between Channels 


Average Input Offset Voltage Drift 


V| 0 Common Mode Rejection Ratio (Note 3) 


V| 0 Power Supply Rejection Ratio (Note 4) 


Input Common Mode Range (Note 3) 


Non-Inverting Input (+IN) Current 


+IN Common Mode Rejection (Note 3) 
( +, bcmr = r - ) 

IN 


+IN Power Supply Rejection (Note 4) 


Inverting Input (-IN) Current 


Delta -IN BIAS Current Between Channels 


-IN Common Mode Rejection (Note 3) 


-IN Power Supply Rejection (Note 4) 


Input Noise Voltage (f = 1 kHz) 


+lnput Noise Current (f = 1kHz) 


-Input Noise Current (f = 1kHz) 


TRANSFER CHARACTERISTICS 


Transimpedence (Note 21) 


Open Loop DC Voltage Gain, R L = 400Q, V 0 ut = ±2.5V 


Open Loop DC Voltage Gain, R L = 1 00£2, V 0 ut = ±2-5V 
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Specifications HA5024 


Electrical Specifications 



V+ = +5V, V- = -5V, R f = IkQ, A v = +1, R l = 400D, C L < lOpF, 
Unless Otherwise Specified (Continued) 


(NOTE 12) 

TEST 

LEVEL 


OUTPUT CHARACTERISTICS 


Output Voltage Swing, (Note 20) 


Output Current (Note 20) 


Output Current (Short Circuit, Note13) 


Output Current (Disabled, Notes 5, 14) 


Output Disable Time (Note15) 


Output Enable Time (Note 16) 


Output Capacitance (Disabled, Notes 5, 17) 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Quiescent Supply Current 


Supply Current, Disabled (Note 5) 


Disable Pin Input Current (Note 5) 


Minimum Pin 8 Current to Disable (Note 6) 


Maximum Pin 8 Current to Enable (Note 7) 


AC CHARACTERISTICS (A v = +1) 


Slew Rate (Note 8) 


Full Power Bandwidth (Note 9) 


Rise Time (Note 10) 


Fall Time (Note 10) 


Propagation Delay (Note 10) 


Overshoot 


-3dB Bandwidth (Note 11) 


Settling Time to 1%, 2 V Output Step 


Settling Time to 0.25%, 2 V Output Step 


AC CHARACTERISTICS (A v = +2, R F = 681 D) 


Slew Rate (Note 8) 


Full Power Bandwidth (Note 9) 


Rise Time (Note 1 0) 


Fall Time (Note 1 0) 


Propagation Delay (Note 1 0) 


Overshoot 


-3dB Bandwidth (Note 11) 


Settling Time to 1 %, 2V Output Step 


Settling Time to 0.25%, 2 V Output Step 


Gain Flatness 5 

~ 


AC CHARACTERISTICS (A v = +10, R F = 383Q) 


Slew Rate (Note 8) 


Full Power Bandwidth (Note 9) 


Rise Time (Note 1 0) 
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Specifications HA5024 



Electrical Specifications v+ = +sv, v- = -sv, r f = ikn, a v = +i, r l = 40012, c L < iopF, 
Unless Otherwise Specified (Continued) 


(NOTE 12) 

TEST 

LEVEL 


PARAMETER 


Fall Time (Note 10) 


Propagation Delay (Note 10) 


Overshoot 


-3dB Bandwidth (Note 1 1 ) 


Settling Time to 1%, 2V Output Step 


Settling Time to 0.1%, 2 V Output Step 


VIDEO CHARACTERISTICS 


Differential Gain (Notes 18, 20) 


Differential Phase (Notes 18, 20) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 

2. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 

3. V CM = ±2.5V. At -40°C Product is tested at V CM = +2.25V because short test duration does not allow self heating. 

4. +3.5V ^ V s < ±6.5V. 

5. Disable = 0V. 

6. R L = 1 00ft, V )N = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 
is considered disabled when -1 OmV < V 0 ut ^ +1 OmV. 

7. V !N = 0V. This is the maximum current that can be pulled out of the Disable pin with the HA5024 remaining enabled. The HA5024 is con- 
sidered disabled when the supply current has decreased by at least 0.5mA. 

8. v qut switches from -2V to +2V, or from +2V to -2 V. Specification is from the 25% to 75% points. 

»■ ™ = ^»,. PBK = » 

2?cV PEAK 

10. R L = 100ft, Vqut = 1 V. Measured from 1 0% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 

11. R L = 400ft, V 0UT = 1 0OmV. 

12. A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only. 

13. V,n = ±2.5V, Vqut = 0V. 

14. V out = ±2.5V, V, N = OV. 

15. V !N = +2V, Disable = +5V to 0V. Measured from the 50% point of Disable to Vqut = 0V. 

16. Vj N s +2V, Disable = 0V to +5V. Measured from the 50% point of Disable to Vqut = 2V. 

1 7. V, N = 0V, Force V 0U t from 0V to +2.5V, t R = t F = 50ns. 

18. Measured with a VM700A video tester using an NTC-7 composite VITS. 

19. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below 
+150°C for plastic packages. See Applications Information section for safe operating area information. 

20. R L = 150ft. 

21 . V 0 ut = ± 2.5V. At -40°C Product is tested at Vqut = ±2.25V because short test duration does not allow self heating. 

22. ESD Protection is for human body model tested per MIL-STD-883, Method 3015.7. 


2-70 























































Schematic 



V- 



OPERATIONAL 

AMPLIFIERS 


HA5024 







HA5024 


Test Circuits 


HP4195 

NETWORK 

ANALYZER 



FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 



- r f , IK ■=■ 

FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT 



1 

— 
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< 50U 


> r l 

VqUT 
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FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 4. SMALL SIGNAL RESPONSE 

Vertical Scale: V )N = lOOmV/Div., V 0UT = lOOmV/Div. 
Horizontal Scale: 20ns/Div. 


FIGURE 5. LARGE SIGNAL RESPONSE 

Vertical Scale: V IN = 1 V/Div., V 0UT = 1 V/Div. 
Horizontal Scale: 50ns/Div. 
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Application Information 

Optimum Feedback Resistor 

The plots of inverting and non-inverting frequency response, 
see Figure 11 and Figure 12 in the Typical Performance 
Curves section, illustrate the performance of the HA5024 in 
various closed loop gain configurations. Although the band- 
width dependency on closed loop gain isn’t as severe as that 
of a voltage feedback amplifier, there can be an appreciable 
decrease in bandwidth at higher gains. This decrease may 
be minimized by taking advantage of the current feedback 
amplifier’s unique relationship between bandwidth and R F 
All current feedback amplifiers require a feedback resistor, 
even for unity gain applications, and R F , in conjunction with 
the internal compensation capacitor, sets the dominant pole 
of the frequency response. Thus, the amplifier’s bandwidth is 
inversely proportional to R F . The HA5024 design is opti- 
mized for a 1000Q R F at a gain of +1. Decreasing R F in a 
unity gain application decreases stability, resulting in exces- 
sive peaking and overshoot. At higher gains the amplifier is 
more stable, so R F can be decreased in a trade-off of stabil- 
ity for bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. 


GAIN 

(Acl) 

Rp(O) 

BANDWIDTH 

(MHz) 

-1 

750 

100 

+1 

1000 

125 

+2 

681 

95 

+5 

1000 

52 

+10 

383 

65 

-10 

750 

22 


Driving Capacitive Loads 

Capacitive loads will degrade the amplifier’s phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 



FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 

The selection criteria for the isolation resister is highly 
dependent on the load, but 27CI has been determined to be 
a good starting value. 

Power Dissipation Considerations 

Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Tj see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient tempera- 
ture versus supply voltage for the available package styles 
(Plastic DIP, SOIC). At ±5V DC quiescent operation both 
package styles may be operated over the full industrial range 
of -40°C to +85°C. It is recommended that thermal calcula- 
tions, which take into account output power, be performed by 
the designer. 


PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 

Attention must be given to decoupling the power supplies. A 
large value (lOpF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1 pF) chip capacitor works well in 
most cases. 

A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. It is 
recommended that the ground plane be removed under 
traces connected to -IN, and that connections to -IN be kept 
as short as possible to minimize the capacitance from this 
node to ground. 



5 7 9 11 13 15 

SUPPLY VOLTAGE (±V) 

FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 

Enable/Disabie Function 

When enabled the amplifier functions as a normal current 
feedback amplifier with all of the data in the electrical specifi- 
cations table being valid and applicable. When disabled the 
amplifier output assumes a true high impedance state and 
the supply current is reduced significantly. 
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The circuit shown in Figure 8 is a simplified schematic of the 
enable/disable function. The large value resistors in series 
with the DISABLE pin makes it appear as a current source to 
the driver. When the driver pulls this pin low current flows out 
of the pin and into the driver. This current, which may be as 
large as 350pA when external circuit and process variables 
are at their extremes, is required to insure that point “A” 
achieves the proper potential to disable the output.The driver 
must have the compliance and capability of sinking all of this 
current. 

When V cc is +5V the DISABLE pin may be driven with a 
dedicated TTL gate. The maximum low level output voltage 
of the TTL gate, 0.4V, has enough compliance to insure that 
the amplifier will always be disabled even though D1 will not 
turn on, and the TTL gate will sink enough current to keep 
point “A” at its proper voltage. When V cc is greater than +5V 
the DISABLE pin should be driven with an open collector 
device that has a breakdown rating greater than V cc . 


1C or its equivalent is used to select channels its logic must 
be break before make. When these conditions are satisfied 
the HA5024IP is often used as a remote video multiplexer, 
and the multiplexer may be extended by adding more ampli- 
fier ICs. 

Low Impedance Multiplexer 

Two common problems surface when you try to multiplex 
multiple high speed signals into a low impedance source 
such as an A/D converter. The first problem is the low source 
impedance which tends to make amplifiers oscillate and 
causes gain errors. The second problem is the multiplexer 
which supplies no gain, introduces all kinds of distortion and 
limits the frequency response. Using op amps which have an 
enable/disable function, such as the HA5024, eliminates the 
multiplexer problems because the external mux chip is not 
needed, and the HA5024 can drive low impedance (large 
capacitance) loads if a series isolation resistor is used. 


Referring to Figure 8, it can be seen that R6 will act as a pull- 
up resistor to +V CC if the DISABLE pin is left open. In those 
cases where the enable/disable function is not required on 
all circuits some circuits can be permanently enabled by let- 
ting the DISABLE pin float. If a driver is used to set the 
enable/disable level, be sure that the driver does not sink 
more than 20pA when the DISABLE pin is at a high level. 
TTL gates, especially CMOS versions, do not violate this cri- 
teria so it is permissible to control the enable/disable func- 
tion with TTL. 



FIGURE 8. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE 
FUNCTION 

Four Channel Video Multiplexer 

Referring to the amplifier U1 A in Figure 9, R1 terminates the 
cable in its characteristic impedance of 75Q, and R4 back 
terminates the cable in its characteristic impedance. The 
amplifier is set up in a gain configuration of +2 to yield an 
overall network gain of +1 when driving a double terminated 
cable. The value of R3 can be changed if a different network 
gain is desired. R5 holds the disable pin at ground thus 
inhibiting the amplifier until the switch, SI, is thrown to posi- 
tion 1 . At position 1 the switch pulls the disable pin up to the 
plus supply rail thereby enabling the amplifier. Since all of 
the actual signal switching takes place within the amplifier, 
it’s differential gain and phase parameters, which are 0.03% 



1. U1 is HA5024IP 


and 0.03 degrees respectively, determine the circuit’s perfor- 
mance. The other three circuits, U1B through U1D, operate 
in a similar manner. 


2. All resistors in Q 

3. SI is break before make 


4. Use ground plane 

When the plus supply rail is 5V the disable pin can be driven 

by a dedicated TTL gate as discussed earlier. If a multiplexer FIGURE 9. FOUR CHANNEL VIDEO MULTIPLEXER 
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Referring to Figure 10, both inputs are terminated in their 
characteristic impedance; 750 is typical for video applica- 
tions. Since the drivers usually are terminated in their charac- 
teristic impedance the input gain is 0.5, thus the amplifiers, U2, 
are configured in a gain of +2 to set the circuit gain equal to 
one. Resistors R2 and R3 determine the amplifier gain, and if a 
different gain is desired R2 should be changed according to the 
equation G = (1 + R3/R2). R3 sets the frequency response of 
the amplifier so you should refer to the manufacturers data 
sheet before changing it’s value. R5, Cl and D1 are an asym- 
metrical charge/discharge time circuit which configures U1 as a 
break before make switch to prevent both amplifiers from being 
active simultaneously. If this design is extended to more chan- 


nels the drive logic must be designed to be break before 
make. R4 is enclosed in the feedback loop of the amplifier so 
that the large open loop amplifier gain of U2 will present the 
load with a small closed loop output impedance while keep- 
ing the amplifier stable for all values of load capacitance. 

The circuit shown in Figure 10 was tested for the full range of 
capacitor values with no oscillations being observed; thus, 
problem one has been solved.The frequency and gain char- 
acteristics of the circuit are now those of the amplifier indepen- 
dent of any multiplexing action; thus, problem two has been 
solved. The multiplexer transition time is approximately 1 5^s 
with the component values shown. 


CHANNEL 

SWITCH 




1. U2: HA5022/24 

2. U1: CD4011 


FIGURE 10. LOW IMPEDANCE MULTIPLEXER 


Typical Performance Curves v SUP p LY = ±sv, a v = + 1 , r f = i kn, r u = 4oon, t a = 25°c, 

Unless Otherwise Specified 


V 0 UT = 0.2Vp.p 
C L = 10pF 


A v = 2, R f = 681 Q 

I ' ‘ 

! Ay = 5, Rp = 1kn- 


I A v = 1, R F = 1 kQ_ 


V OUT = 0.2V P . 
' C L = lOpF 
R f = 750ft 
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Typical Performance Curves v SUPPL y = ±sv, /v = + 1 , r f = i kn, r l = 4oon, t a = 25°c. 

Unless Otherwise Specified (Continued) 



,uu 500 700 900 1100 

FREQUENCY (MHz) FEEDBACK RESISTOR (ft) 


FIGURE 13. PHASE RESPONSE AS A FUNCTION OF FIGURE 14. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 


FREQUENCY RESISTANCE 



FEEDBACK RESISTOR (ft) LOAD RESISTOR (ft) 


FIGURE 15. BANDWIDTH AND GAIN PEAKING vs FEEDBACK FIGURE 16. BANDWIDTH AND GAIN PEAKING vs LOAD 


RESISTANCE RESISTANCE 



200 350 500 650 800 950 0 200 400 600 800 1000 


FEEDBACK RESISTOR (ft) LOAD RESISTANCE (ft) 

FIGURE 17. BANDWIDTH vs FEEDBACK RESISTANCE FIGURE 18. SMALL SIGNAL OVERSHOOT vs LOAD 

RESISTANCE 
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Typical Performance Curves v SUPPLY = ±sv, \ = +1 , r f = i kn, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 




3 5 7 9 11 13 15 

SUPPLY VOLTAGE (±V) 

FIGURE 20. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE 



FIGURE 21. DISTORTION vs FREQUENCY 




-50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 

FIGURE 23. PROPAGATION DELAY vs TEMPERATURE 



3 5 7 9 11 13 15 


SUPPLY VOLTAGE (±V) 

FIGURE 24. PROPAGATION DELAY vs SUPPLY VOLTAGE 
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Typical Performance Curves v SU p PLY = ±sv, /y, = +1 , r f = ikn, r u = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 



TEMPERATURE (°C) FREQUENCY (MHz) 

FIGURE 25. SLEW RATE vs TEMPERATURE FIGURE 26. NON-INVERTING GAIN FLATNESS vs FREQUENCY 



FREQUENCY (MHz) 



o i i 1 1 inm — i mum iiimni o 
0.01 0.1 1 10 100 
FREQUENCY (kHz) 


IGURE 27. INVERTING GAIN FLATNESS vs FREQUENCY FIGURE 28. INPUT NOISE CHARACTERISTICS 



TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 29. INPUT OFFSET VOLTAGE vs TEMPERATURE FIGURE 30. +INPUT BIAS CURRENT vs TEMPERATURE 
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Typical Performance Curves v SUPPLV = ±sv, a v = +1 , r f = i kn, r l = 400a t a = 25 °c, 

Unless Otherwise Specified (Continued) 



i6i 1 1 1 1 1 * 1 1 1 1 1000 LL-J I I I I I I I I I 

-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 -60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 



TEMPERATURE (°C) 

FIGURE 31. -INPUT BIAS CURRENT vs TEMPERATURE 



TEMPERATURE (°C) 


FIGURE 32. TRANSIMPEDANCE vs TEMPERATURE 




10 11 12 13 14 15 


SUPPLY VOLTAGE (±V) 


+50 +100 +150 +200 +250 

TEMPERATURE (°C) 


FIGURE 33. SUPPLY CURRENT vs SUPPLY VOLTAGE 


FIGURE 34. REJECTION RATIO vs TEMPERATURE 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DISABLE INPUT VOLTAGE (V) 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 


FIGURE 35. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE 


FIGURE 36. OUTPUT SWING vs TEMPERATURE 
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Typical Performance Curves v SUPPUY = ±sv, a v = + i , r f = i kn, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 


DISABLE = OV 
V (N = 5Vp.p 
R F = 750Q 
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FIGURE 43. DISABLE FEEDTHROUGH vs FREQUENCY 
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FIGURE 44. TRANSIMPEDANCE vs FREQUENCY 
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FIGURE 45. TRANSIMPEDENCE vs FREQUENCY 
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Die Characteristics 

DIE DIMENSIONS: 

2680pm x 2600pm x 483pm ±25.4pm 

METALLIZATION: 

Type: Metal 1 : AlCu (1%), Metal 2: AlCu (1%) 

Thickness: Metal 1: 8kA ± 0.4kA, Metal 2: 16kA + 0.8kA 

WORST CASE CURRENT DENSITY: 

2.0 xIO 5 A/cm 2 at 50mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.4kA 

TRANSISTOR COUNT: 248 

PROCESS: High Frequency Bipolar Dielectric Isolation 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

Metallization Mask Layout 

HA5024 


-INI OUT1 OUT4 -IN4 
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Features 

• Wide Unity Gain Bandwidth 125MHz 

• Slew Rate 475V/ps 

• Input Offset Voltage 800pV 

• Differential Gain 0.03% 

• Differential Phase 0.03 Deg 

• Supply Current (per Amplifier) 7.5mA 

• ESD Protection 4000V 

• Guaranteed Specifications at ±5V Supplies 

Applications 

• Video Gain Block 

• Video Distribution Amplifier/ RGB Amplifier 

• Flash A/D Driver 

• Current to Voltage Converter 

• Medical Imaging 

• Radar and Imaging Systems 

• Video Switching and Routing 


Description 

The HA5025 is a wide bandwidth high slew rate quad ampli- 
fier optimized for video applications and gains between 1 
and 10. It is a current feedback amplifier and thus yields less 
bandwidth degradation at high closed loop gains than volt- 
age feedback amplifiers. 

The low differential gain and phase, 0.1 dB gain flatness, and 
ability to drive two back terminated 75Q cables, make this 
amplifier ideal for demanding video applications. 

The current feedback design allows the user to take advan- 
tage of the amplifier’s bandwidth dependency on the feed- 
back resistor. 

The performance of the HA5025 is very similar to the popu- 
lar Harris HA-5020. 


Ordering Information 


PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA5025IP -40°C to +85°C 14 Lead Plastic DIP 

HA5025IB -40°C to +85°C 14 Lead Plastic SOIC (N) 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 _ QO 
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Specifications HA5025 


Absolute Maximum Ratings (Note i) 


Operating Conditions 


ESD Protection (Note 15) 2000V Operating Temperature Range 

Voltage Between V+ and V- Terminals 36V HA5025I -40°C < T A < +85°C 

DC Input Voltage ±V SUPPLY Supply Voltage Range ±4.5V to ±15V 

Differential Input Voltage 10V Storage Temperature Range -65°C < T A < +150°C 

Output Current (Note 2) Short Circuit Protected Thermal Package Characteristics (°C/W) 0 JA 

Junction Temperature (Note 12) +1 75°C Plastic DIP 100 

Junction Temperature (Plastic Package) (Note 12) +150°C SOIC 120 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v+ = +5V, v- = -5V, r f = i kQ, a v = +i , R L = 400C2, c L < i opF, 
Unless Otherwise Specified 


(NOTE 16) 

TEST 

PARAMETER LEVEL TEMPERATURE 


INPUT CHARACTERISTICS 


Input Offset Voltage (V| 0 ) 


Delta V| 0 Between Channels 


Average Input Offset Voltage Drift 


V| 0 Common Mode Rejection Ratio (Note 3) 


V| 0 Power Supply Rejection Ratio (Note 4) 


Input Common Mode Range (Note 3) 


Non-Inverting Input (+IN) Current 


+IN Common Mode Rejection (Note 3) 

(+ ' bcmr= ^t> 


+IN Power Supply Rejection (Note 4) 


Inverting Input (-IN) Current 


Delta - IN BIAS Current Between Channels 


-IN Common Mode Rejection (Note 3) 


-IN Power Supply Rejection (Note 4) 


Input Noise Voltage (f = 1kHz) 


+lnput Noise Current (f = 1kHz) 


-Input Noise Current (f = 1 kHz) 

















































































































Specifications HA5025 


Electrical Specifications v+ = +5V, v- = -5V, r f = i kQ, a v = + 1 , r l = 400a c L < i opF, 
Unless Otherwise Specified (Continued) 


PARAMETER 


TRANSFER CHARACTERISTICS 


Transimpedance (Note 14) 


Open Loop DC Voltage Gain, R L = 400Q, V 0UT = ±2.5V 


Open Loop DC Voltage Gain, R L = 100Q, V 0 ut = ±2.5V 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 13) 


Output Current (Note 13) 


Output Current (Short Circuit, Note 10) 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Quiescent Supply Current 


AC CHARACTERISTICS (A v = +1) 


AC CHARACTERISTICS (A v = +2, R F = 681 Q) 


Slew Rate (Note 5) 


Full Power Bandwidth (Note 6) 


Rise Time (Note 7) 


Fall Time (Note 7) 


Propagation Delay (Note 7) 


Overshoot 


(NOTE 16) 

TEST 


TEMPERATURE 

MIN 


+25°C 

1.0 

Full 

0.85 

+25°C 

70 

Full 

65 

+25°C 

50 

Full 

45 


HA5025I 


TYP 


+25°C 

±2.5 

Full 

±2.5 

Full 

±16.6 

Full 

±40 


Slew Rate (Note 5) 

B 

Full Power Bandwidth (Note 6) 

B 

Rise Time (Note 7) 

B 

Fall Time (Note 7) 

B 

Propagation Delay (Note 7) 

B 

Overshoot 

B 

-3dB Bandwidth (Note 8) 

B 

Settling Time to 1%, 2 V Output Step 

B 

Settling Time to 0.25%, 2V Output Step 

B 



±3.0 


±3.0 



B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 
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Specifications HA5025 


Electrical Specifications v+ = +sv, v- = -sv, r f = i kn, a v = +1 , r l = 40 on, c L s i opF, 

Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE 16) 

TEST 

LEVEL 

TEMPERATURE 

HA5025I 

UNITS 

MIN 

TYP 

MAX 

-3dB Bandwidth (Note 8) 

B 

+25°C 

- 

95 

- 

MHz 

Settling Time to 1%, 2 V Output Step 

B 

+25°C 

- 

50 

- 

ns 

Settling Time to 0.25%, 2 V Output Step 

B 

+25°C 

• 

100 

- 

ns 

Gain Flatness 5MHz 

B 

+25°C 

- 

0.02 

- 

dB 

20MHz 

B 

+25°C 

- 

0.07 

- 

dB 

AC CHARACTERISTICS (A v = +10, R f = 383Q) 

Slew Rate (Note 5) 

B 

+25°C 

350 

475 

- 

V/ps 

Full Power Bandwidth (Note 6) 

B 

+25°C 

28 

38 

- 

MHz 

Rise Time (Note 7) 

B 

+25°C 

- 

8 

- 

ns 

Fall Time (Note 7) 

B 

+25°C 

- 

9 

- 

ns 

Propagation Delay (Note 7) 

B 

+25°C 

- 

9 

- 

ns 

Overshoot 

B 

+25°C 

- 

1.8 

- 

% 

-3dB Bandwidth (Note 8) 

B 

+25°C 

- 

65 

- 

MHz 

Settling Time to 1%, 2V Output Step 

B 

+25°C 

- 

75 

- 

ns 

Settling Time to 0.1%, 2V Output Step 

B 

+25°C 

- 

130 

- 

ns 

VIDEO CHARACTERISTICS 

Differential Gain (Notes 11,13) 

B 

+25°C 

• 

0.03 

- 

% 

Differential Phase (Notes 11,13) 

B 

+25°C 

- 

0.03 

- 

Degrees 


NOTES: 

1 . Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 

2. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 

3. V CM = ±2.5V. At -40°C Product is tested at V CM = ±2.25V because Short Test Duration does not allow self heating. 

4. +3.5V < V s < ±6.5V 

5. V 0 ut switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 

a. 2 (FP B w = ^gi;v pEA K = av) : 

7. R l = 100Q, V 0UT = IV. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 

8. Rj_ = 400Q, V OUT = 1 00mV. 

9. A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only. 

10. V, N = ±2.5V, V 0UT = 0V. 

1 1 . Measured with a VM700A video tester using an NTC-7 composite VITS. 

12. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +1 75°C for die, and below 
+150°C for plastic packages. See Applications Information section for safe operating area information. 

13. R l =150Q. 

14. V 0UT = ±2.5V. At -40°C Product is tested at V 0UT = +2.25V because Short Test Duration does not allow self heating. 

15. ESD protection is for human body model tested per MIL-STD-883, Method 3015.7. 

16. A. Production Tested; B. Guaranteed limit or Typical based on characterization; C. Design Typical for information only. 
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HA5025 


Test Circuits 


HP4195 

NETWORK 

ANALYZER 



FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 



R f , IK = 

FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 



FIGURE 4. SMALL SIGNAL RESPONSE 

Vertical Scale: V )N = lOOmV/Div., V 0 ut = 100mV/Div. 
Horizontal Scale: 20ns/Div. 
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FIGURE 5. LARGE SIGNAL RESPONSE 

Vertical Scale: V, N = 1 V/Div., V 0UT = 1 V/Div. 
Horizontal Scale: 50ns/Div. 
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Application Information 

Optimum Feedback Resistor 

The plots of inverting and non-inverting frequency response, 
see Figure 8 and Figure 9 in the typical performance section, 
illustrate the performance of the HA5025 in various closed loop 
gain configurations. Although the bandwidth dependency on 
closed loop gain isn’t as severe as that of a voltage feedback 
amplifier, there can be an appreciable decrease in bandwidth at 
higher gains. This decrease may be minimized by taking 
advantage of the current feedback amplifier’s unique relation- 
ship between bandwidth and R F . All current feedback amplifiers 
require a feedback resistor, even for unity gain applications, and 
R f , in conjunction with the internal compensation capacitor, 
sets the dominant pole of the frequency response. Thus, the 
amplifier’s bandwidth is inversely proportional to R F . The 
HA5025 design is optimized for a 1000ft R F at a gain of +1. 
Decreasing R F in a unity gain application decreases stability, 
resulting in excessive peaking and overshoot. At higher gains 
the amplifier is more stable, so R F can be decreased in a trade- 
off of stability for bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. 


GAIN 

(Acl) 

Rp(ft) 

BANDWIDTH 

(MHz) 

-1 

750 

100 

+1 

1000 

125 

+2 

681 

95 

+5 

1000 

52 

+10 

383 

65 

-10 

750 

22 


Driving Capacitive Loads 

Capacitive loads will degrade the amplifier’s phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 



PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 

Attention must be given to decoupling the power supplies. A 
large value (1 OpiF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1 p.F) chip capacitor works well in 
most cases. 

A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. It is recom- 
mended that the ground plane be removed under traces con- 
nected to -IN, and that connections to -IN be kept as short as 
possible to minimize the capacitance from this node to 
ground. 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 

The selection criteria for the isolation resistor is highly 
dependent on the load, but 27ft has been determined to be 
a good starting value. 

Power Dissipation Considerations 

Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Tj, see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient tempera- 
ture versus supply voltage for the available package styles 
(Plastic DIP, SOIC). At ±5V DC quiescent operation both 
package styles may be operated over the full industrial 
range of -40°C to +85°C. It is recommended that thermal 
calculations, which take into account output power, be per- 
formed by the designer. 




SUPPLY VOLTAGE (±V) 


FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 


2-89 


OPERATIONAL 

AMPLIFIERS 






HA5025 



2-90 








BANDWIDTH (MHz) 
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CURRENT NOISE (pA/VHz) 












Ice ( mA ) BIAS CURRENT (|iA) V I0 (mV) 


HA5025 


Typical Performance Curves v SUPPLY = ±sv, a v = + 1 , r f = i kn, r l = 4oon, t a = 25°c, 

Unless Otherwise Specified (Continued) 






-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 -60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE <°C) TEMPERATURE (°C) 

: IGURE 26. INPUT OFFSET VOLTAGE vs TEMPERATURE FIGURE 27. +INPUT BIAS CURRENT vs TEMPERATURE 




161 I I I I I I I I I 1 1000 1— 1 1 1 1 1 1 1 1 1 1 

-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 -60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TFMPFRATURF TEMPERATURE (°C) 


TEMPERATURE (°C) 

FIGURE 28. -INPUT BIAS CURRENT vs TEMPERATURE 


FIGURE 29. TRANSIMPEDANCE vs TEMPERATURE 




3 4 5 6 7 8 9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 


-100 -50 0 +50 +100 +150 +200 +250 

TEMPERATURE (°C) 


FIGURE 30. SUPPLY CURRENT vs SUPPLY VOLTAGE 


FIGURE 31. REJECTION RATIO vs TEMPERATURE 
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HA502S 


Typical Performance Curves v SUPPLY = ±sv, A v = +i,R F = ikQ, r l = 400 a t a = 25°c, 

Unless Otherwise Specified (Continued) 



DISABLE INPUT VOLTAGE (V) TEMPERATURE (°C) 


FIGURE 32. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE FIGURE 33. OUTPUT SWING vs TEMPERATURE 



LOAD RESISTANCE (ktt) TEMPERATURE (°C) 

FIGURE 34. OUTPUT SWING vs LOAD RESISTANCE FIGURE 35. INPUT OFFSET VOLTAGE CHANGE BETWEEN 

CHANNELS vs TEMPERATURE 



TEMPERATURE (°C) 

FIGURE 36. INPUT BIAS CURRENT CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 



FREQUENCY (MHz) 

FIGURE 37. CHANNEL SEPARATION vs FREQUENCY 
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FEEDTHROUGH (dB) 


HA502S 


Typical Performance Curves v SUPPLY = ±sv, a v = +1 , r f = i kn, r l = 400a t a = 25°c, 

Unless Otherwise Specified (Continued) 


DISABLE = OV 
Vj N = 5Vp_p 
R f = 7500 
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FIGURE 38. DISABLE FEEDTHROUGH vs FREQUENCY 


0.001 0.01 0.1 1 10 100 
FREQUENCY (MHz) 

FIGURE 39. TRANSIMPEDANCE vs FREQUENCY 
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FIGURE 40. TRANSIMPEDANCE vs FREQUENCY 
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Die Characteristics 

DIE DIMENSIONS: 

2680pm x 2600pm x 483pm ±25.4pm 

METALLIZATION: 

Type: Metal 1: AlCu (1%), Metal 2: AlCu (1%) 

Thickness: Metal 1: 8kA±0.4kA, Metal 2: 16kA ±0.8kA 

WORST CASE CURRENT DENSITY: 

2.0 xIO 5 A/cm 2 at 50mA 

SUBSTRATE POTENTIAL (POWERED UP): V- 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ±0.4kA 

TRANSISTOR COUNT: 248 

PROCESS: High Frequency Bipolar Dielectric Isolation 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

Metallization Mask Layout 

HA5025 






SEMICONDUCTOR 


HFA1102 


July 1995 


Ultra High-Speed Current Feedback 
Amplifier with Compensation Pin 


Features 

• Compensation Pin for Bandwidth Limiting 

• Low Distortion (30M Hz) -56dBc 

• -3dB Bandwidth 600MHz 

• Very Fast Slew Rate 2000V/ps 

• Fast Settling Time (0.1%) 11ns 

• Excellent Gain Flatness 

- (100MHz) ±0.05dB 

- (50MHz) ±0.02dB 

- (30MHz) ±0.01 dB 

• High Output Current 60mA 

• Overdrive Recovery <1 0ns 

Applications 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• RF/IF Signal Processing 

• Flash A/D Driver 

• Medical Imaging Systems 


Description 

The HFA1102 is a high speed wideband current feedback 
amplifier featuring a compensation pin for bandwidth limiting. 
Built with Harris’ proprietary complementary bipolar UHF-1 
process, it has excellent AC performance and low distortion. 

Because the HFA1102 is already unity gain stable, the 
primary purpose for limiting the bandwidth is to reduce the 
total noise (broadband) of the circuit. The bandwidth of the 
HFA1102 may be limited by connecting a capacitor and 
series damping resistor from pin 8 to ground. Typical 
bandwidths for various values of compensation capacitors 
are shown in the Electrical Specifications section of this 
datasheet. 

A variety of packages and temperature grades are available. 
See the ordering information below for details. 


Ordering Information 

OPERATING 
PART NUMBER TEMP RANGE 


PRODUCT 

DESCRIPTION 


HFA1 102IJ -40°C to +85°C 8 Lead CerDIP 

HFA1 102IP -40°C to +85°C 8 Lead Plastic DIP 

HFA1102IB -40°C to +85°C 8 Lead Plastic SO 1C (N) 

HFA1102Y -40°C to +85°C "Bie *™~ — ~ ” 


Pinout 


HFA1102 

(PDIP, CERDIP, SOIC) 

TOP VIEW 


_8j COMP 

3 v+ 

T] OUT 
T| NC 


The Op Amps with Fastest Edges 


A .* /> 

• » • i 11 » - 

t k ^ 4 * 

\ ■ !i ( / l * I* l 

/ jW M ¥ [W 

| j | INPUT 

— . — j— — - — j- r-H rTT-*- 

i\ l\ ; \ 1 



: 3 

| \ |j i • ... ^ | 



■ ■ j j— . ; 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 0 Q _ 
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Specifications H FA 11 02 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 

12V 

Operating Temperature Range 


DC Input Voltage 

V SUPPLY 

HFA1102I 

.. -40°C<T a <+85°C 

Differential Input Voltage 

5V 

Storage Temperature Range 

..-65°C<T a <+150°C 

Output Current (50% Duty Cycle) 


Thermal Package Characteristics (°C/W) . . 

CD 

c_ 

> 

CD 

c_ 

O 

Junction Temperature (Ceramic and Die) 

+175°C 

CerDIP Package 

116 36 

Junction Temperature (Plastic Package) 

+150°C 

Plastic DIP Package 

130 N/A 

Lead Temperature (Soldering 10s) 

+300°C 

SOIC Package 

170 N/A 

(SOIC - Lead Tips Only) 




CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v SUP p LY = 

±5V, Ay = +1 , Rp = 510ft, R|_ = 100ft, Cqo^j P = OpF, 


Unless Otherwise Specified 




PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Input Offset Voltage Drift 


V l0 CMRR (AV cm = ±2V) 


V io PSRR (AV S = ±1 ,25V) 


Non-lnv. Input Bias Current (+IN = OV) 


+i bias Drift 


+ I B1AS CMS(AV cm = ±2V) 


Inv. Input Bias Current (-IN = OV) 


-•bias Dr ift 


-l BIAS CMS(AV cm = ±2V) 


-•bias PSS (AV s = ±1 .25V) 


Non-lnv. Input Resistance 


Inv. Input Resistance 


Input Capacitance (either input) 


Input Common Mode Range 

Full 

Input Noise Voltage (100kHz) 

+25°C 

+lnput Noise Current (100kHz) 

+25°C 

-Input Noise Current (100kHz) 

+25°C 



TRANSFER CHARACTERISTICS A v = +1 , R P = 1 50ft, R DAMP = 1 20ft, Unless Otherwise Specified 


Open Loop Transimpedance 
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Specifications HFA1102 


Electrical Specifications v SUPPLY = ±sv, Ay = + 1 , r f = 5ion, r l = loon, c COMP = opF, 

Unless Otherwise Specified (Continued) 


Linear Phase Deviation (DC to 100MHz) 


Differential Gain (NTSC, R L = 750) 


Differential Phase (NTSC, R L = 750) 


Minimum Stable Gain 


Bandwidth Limiting Characteristics 
-3dB Bandwidth (Vqut = 0.2Vp.p, Ay = +1 ) 


Gain Flatness (to 30MHz) 


Gain Flatness (to 100MHz) 


Gain Flatness (to 50MHz) 


C COMP = °P F 


C COMP = 3pF 


CCOMP = °P F 

C COMP= IpF 


OUTPUT CHARACTERISTICS A v = +2, Unless Otherwise Specified 


Output Voltage (Ay = -1 ) 


Output Current (R L = 500, A v = -1 ) 


DC Closed Loop Output Impedance 


2nd Harmonic Distortion (30MHz, v out = 2V P .p) 


3rd Harmonic Distortion (30MHz, V 0UT = 2V P . P ) 


3rd Order Intercept (100MHz) 


IdB Compression (100MHz) 


TRANSIENT RESPONSE A v = + 1 , R F = 1500, R DAMP = 1200, Unless Otherwise Specified 


Rise Time (V 0UT = 2.0V Step) 


Overshoot (V OUT = 2.0V Step) 


Slew Rate (Ay = +1 , Vqijt = 5Vp.p) 


Slew Rate (Ay = +2, Vqut = 5Vp_p) 


0.1% Settling (V 0UT = 2 V to OV) 


0.2% Settling (V 0U t = 2 V to OV) 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Supply Current 
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HFA1102 


Applications Information 

Optimum Feedback Resistor (R F ) 

All current feedback amplifiers require a feedback resistor, 
even for unity gain applications. The R F , in conjunction with 
the internal compensation capacitor, sets the dominant pole 
of the frequency response. Thus, the amplifier's bandwidth is 
inversely proportional to R F . The HFA1102 design is 
optimized for a 1 50Q R F , at a gain of +1 . Decreasing R F in a 
unity gain application decreases stability, leading to 
excessive peaking and overshoot. At higher gains the 
amplifier is more stable, so R F can be decreased in a 
tradeoff of bandwidth vs. stability. 

Bandwidth Limiting 

The bandwidth of the HFA1102 may be limited by connecting 
a resistor (Rdamp) anc * capacitor in series from pin 8 to GND. 
The series resister is required to damp the interaction 
between the package parasitics and C CO mp- Typical 
bandwidths for various values of compensation capacitor are 
shown in the specification tables. Because the HFA1102 is 
already unity gain stable, the main reason for limiting the 
bandwidth is to reduce the total noise (broadband) of the 
circuit. Additionally, compensating the HFA1102 allows the 
use of a lower value R F for a given gain. The decreased 
bandwidth due to C GOMP offsets the bandwidth increase 
from the lower R F , keeping the amplifier stable. Reducing R F 
provides the double benefits of reduced DC errors (-l B x R F ) 
and reduced total noise (ini x R F and 4KTR F ). 

PC Board Layout 

The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 

The use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (1 OptF) tantalum in parallel with a small value 
chip (0.1 |iF) capacitor works well in most cases. 


Evaluation Board 

The HFA1102 may be evaluated using the HFA1130 
Evaluation Board which is available from your local sales 
office. Rqamp anc * Ccomp should be connected in series 
from the socket pin to the GND plane. The trace from pin 8 
to the V H connector should be cut near the socket to remove 
this parallel capacitance. The layout and schematic of the 
board are shown below: 


500ft 500ft 



TOP LAYOUT 



Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is 
recommended that the ground plane be removed under 
traces connected to pin 2, and connections to pin 2 should 
be kept as short as possible. 


BOTTOM LAYOUT 


O PI)- o 


An example of a good high frequency layout is the 
Evaluation Board shown. 





HFA1102 


Die Characteristics 

DIE DIMENSIONS: 

63 mils x 44 mils x 19 mils ±1 mil 
1600pm x 1130pm ±25.4|im 

METALLIZATION: 

Type: Metal 1: AlCu (2%)/TiWTvpe: Metal 2: AlCu (2%) 

Thickness: Metal 1: 8kA ±0.4kAThickness: Metal 2: 16kA ±0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ±0.5kA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

WORST CASE CURRENT DENSITY: 

0.909 x 1 0 5 A/cm 2 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metallization Mask Layout 

HFA1102 


-IN 


COMP 

v H t 


V+ 

OUT 

t Output Clamping Function (V H , V L ) is available to users of the HFA1102 in die form. Please refer to the HFA1130 data sheet for infomation 
regarding the operation and use of this function. 
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SEMICONDUCTOR 


HFA1103 


July 1995 


Video Op Amp with 
High Speed Sync Stripper 


Features 

• Removes Sync Signal From Component Video 

• Low Residual Sync 8m V (Typ) 

• -3dB Bandwidth 200MHz 

• Very Fast Slew Rate 600V/|is 

• Fast Settling Time (0.1%) 9ns 

• Excellent Gain Flatness, 32MHz ±0.1 dB 

• Overdrive Recovery <1 2ns 

Applications 

• RGB Video Sync Stripping 

• RGB Video Distribution Amplifier for Workstations 
and PC Networks 

• Video Conferencing Systems 

• RGB Video Monitor Preamp 

• Fiberoptic Receivers 

• HDTV 


Description 

The HFA1103 is a high-speed, wideband, fast settling 
current feedback op amp with a sync stripping function. The 
HFA1 1 03 is a basic op amp with a modified output stage that 
enables it to strip the sync from a component video signal. 
The output stage has an open emitter NPN transistor that 
prevents the output from going low during the sync pulse. 
Removing the sync signal benefits digitizing systems 
because only the active video information is applied to the 
A/D converter. This enables the full dynamic range of the 
A/D converter to be used to process the video signal. The 
HFA1103 includes inverting input bias current adjust pins 
(pins 1 and 5) for adjusting the output offset voltage. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1103IP 

-40°C to +35°C 

8 Lead Plastic DIP 

HFA1103IB 

-40°C to +85°C 

8 Lead Plastic SOIC (N) 


Pinout 


HFA1103 
(PDIP, SOIC) 
TOP VIEW 



Sync Stripper Waveforms 



COMPONENT (RGB) HFA1 103 OUTPUT 


VIDEO INPUT 

Application Schematic 


+5V 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pj| e Number 3957. 1 
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Specifications H FA 11 03 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 12V Thermal Resistance e JA 

Input Voltage ^supply Plastic DIP Package 130°C/W 

Differential Input Voltage 5V SO 1C Package 170°C/W 

Output Current (50% Duty Cycle) 60mA HFA1103I -40°C < T A < +85°C 

Junction Temperature (Plastic Package) +150°C Storage Temperature Range -65°C <T A < +150°C 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SUPPL Y = ±5V, A v = +2, Rp = 750Q, R l = 500, Unless Otherwise Specified 




DC CHARACTERISTICS 


Residual Sync (Vin = -300mV t A v = +1 , Note 2) 


Output Offset Voltage (Notes 3, 5) 


Output Offset Voltage Drift (Note 3) 


V 0S PSRR (AV S = ±1.25V) 


Non-Inverting Input Bias Current (+IN = 0V) 


Inverting Input Bias Current (-IN = 0V) 


-Ibias Adjust Range (Notes 1 , 4) 


Non-Inverting Input Resistance 


Inverting Input Resistance 


Input Capacitance (Either Input) 


Input Common Mode Range 


Input Noise Voltage (100kHz) 


+lnput Noise Current (100kHz) 


-Input Noise Current (100kHz) 


TRANSFER CHARACTERISTICS A v = +2, Unless Otherwise Specified 


Open Loop Transimpedance 


-3dB Bandwidth (V 0 ut = 1 0V P _ P , A v = +2) 


Gain Flatness (To ±0.1 dB) 


Minimum Stable Gain 
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Specifications HFA 1103 


Electrical Specifications V SU p PLY = ±5V, A v = +2, R f = 750ft, R l = 50ft, Unless Otherwise Specified (Continued) 


PARAMETER 

TEMP 

HFA1103I 

UNITS 

MIN 

TYP 

MAX 

OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified 

Output Voltage 

+25°C, 

+85°C 

2.5 

3.0 

- 

V 

-40°C 

1.75 

2.5 

- 

V 

Output Current 

+25°C, 

+85°C 

50 

60 

- 

mA 

-40°C 

35 

50 

- 

mA 

Linearity Near Zero 

+25°C 

- 

0.01 

- 

% 

TRANSIENT RESPONSE A v = +2, Unless Otherwise Specified 

Rise Time (V OUT = 2.0V Step) 

+25°C 

- 

2 

- 

ns 

Overshoot (V OUT = 2.0V Step) 

+25°C 

- 

10 

- 

% 

Slew Rate (A v = +2, V 0UT = 0 to 2V, +2V to 0) 

+25°C 

- 

600 

- 

V/jis 

0.1% Settling (V OU t = 2V to 0V) 

+25°C 

- 

9 

- 

ns 

Overdrive Recovery Time (2X Overdrive) 

+25°C 

- 

12 

- 

ns 

POWER SUPPLY CHARACTERISTICS 

Supply Voltage Range 

Full 

±4.5 

- 

±5.5 

V 

Supply Current (No Load) 

+25°C 

- 

11 

16 

mA 

Full 

• 

- 

23 

mA 


.NOTES: 

1. This is the minimum change in inverting input bias current when a BAL pin is connected to V- through a 50ft resistor. 

2. The residual sync is specified at the output of a doubly terminated circuit (see page 1 of this data sheet). 

3. Since the HFA1 103 has an open emitter NPN output stage, this measurement is only valid for positive values. 

4. The -l BIA s current can be used to adjust the offset voltage to zero, but -l B | AS does not flow bidirectionally because the HFA1 103 output 
stage is an open emitter NPN transistor. 

5. Vqs includes the error contribution of I BS n at Rf = 750ft. 



FIGURE 1. TEST CIRCUIT 





































































H FA 11 03 


Application Information 

Offset Adjustment 

The HFA1103 allows for adjustment of the inverting input 
bias current to null the output offset voltage. -Ibias flows 
through R F , so any change in bias current forces a 
corresponding change in output voltage. The amount of 
adjustment is a function of R F . With R F = 750Q, the typical 
adjust range is 150mV. For offset adjustment connect a 
10kQ potentiometer between pins 1 and 5 with the wiper 
connected to V-. 

PC Board Layout 

The frequency performance of these amplifiers depends a 
great deal on the amount of care taken in designing the PC 
board. The use of low inductance components such as 
chip resistors and chip capacitors is strongly recom- 
mended, while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (10|iF) tantalum in parallel with a small value 
chip (0.1 pF) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is 
recommended that the ground plane be removed under 
traces connected to pin 2, and connections to pin 2 should 
be kept as short as possible. 

An example of a good high frequency layout is the 
Evaluation Board shown. 

Evaluation Board 

The HFA1100 series evaluation board may be used for the 
HFA1103 with minor modifications. The evaluation board 
may be ordered using part number HFA11XXEVAL. Please 
note that an HFA1103 sample is not included with the evalu- 
ation board and must be ordered separately. 

The layout and schematic of the board are shown below: 


TOP LAYOUT 



BOTTOM LAYOUT 


FIGURE 3. EVALUATION BOARD ARTWORK 
Applications Circuits 

A circuit which performs the sync stripper and DC restore 
functions is shown on the next page in Figure 4. Please 
reference Harris Application Note AN9514, titled “Video 
Amplifier with Sync Stripper and DC Restore”, for details on 
this circuit. 

The standard output of a VM700 video measurement set is 
shown in Figure 5. The output, after passing through the 
Applications Schematic shown on the first page of this data 
sheet, is shown in Figure 6. 




10|iF;fc 0.1 nF, 


§ $ 


FIGURE 2. EVALUATION BOARD SCHEMATIC 
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Metallization Topology 

DIE DIMENSIONS: 

63 mils x 44 mils x 19 mils ±1 mil 
1600pm x 1130pm ±25. 4pm 

METALLIZATION: 

Type: Metal 1 : AlCu (2%)/TiW Type: Metal 2: AlCu (2%) 

Thickness: Metall : 8kA ±0.4kA Thickness: 1 6kA ±0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ±0.5kA 

WORST CASE CURRENT DENSITY: 

2.12 x 10 5 A/cm 2 at 50mA 

TRANSISTOR COUNT: 50 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metallization Mask Layout 
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SEMICONDUCTOR 


HFA1105 


July 1995 


High-Speed, Low Power, 
Current Feedback Video Operational Amplifier 


Description 

The HFA1105 is a high speed, low power current feedback 
amplifier built with Harris’ proprietary complementary bipolar 
UHF-1 process. 

This amplifier features an excellent combination of low 
power dissipation (58mW) and high performance. The slew 
rate, bandwidth, and low output impedance (0.08L2) make 
this amplifier a good choice for driving Flash ADCs. Compo- 
nent and composite video systems also benefit from this op 
amp’s excellent gain flatness, and good differential gain and 
phase specifications. The HFA1105 is ideal for interfacing to 
Harris’ line of video crosspoint switches (HA4201, HA4600, 
HA4314, HA4404, HA4344), to create high performance, low 
power switchers and routers. 

The HFA1105 is a low power, high performance upgrade for 
the CLC406. For a comparable amplifier with output disable 
or output limiting functions, please see the data sheets for 
the HFA1145 and HFA1135 respectively. 

For Military grade product, please refer to the HFA1 145/883 
data sheet. 


Ordering Information 


Pinout 


HFA1105 
(PDIP, SOIC) 
TOP VIEW 


NC u 


3 NC 

-IN [7 


3 v+ 

+IN [7 


3 OUT 

v- [7 


3 NC 


CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper 1C Handling Procedures. pj| e Number 3395.4 

Copyright © Harris Corporation 1995 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1105IP 

-40°C to +85°C 

8 Lead Plastic DIP 

HFA1105IB 

-40°C to +85°C 

8 Lead Plastic SOIC (N) 


Features 

• Low Supply Current 5.8mA 

• High Input Impedance 1MQ 

• Wide -3dB Bandwidth 330MHz 

• Very Fast Slew Rate 1000V/jis 

• Gain Flatness (to 75MHz) 0.1 dB 

• Differential Gain 0.02% 

• Differential Phase 0.03 Degrees 


• Pin Compatible Upgrade for CLC406 

Applications 

• Flash A/D Drivers 

• Video Switching and Routing 

• Professional Video Processing 

• Video Digitizing Boards/Systems 

• Multimedia Systems 

• RGB Preamps 

• Medical Imaging 

• Hand Held and Miniaturized RF Equipment 

• Battery Powered Communications 
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Specifications HFA1105 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 

11V 

Operating Temperature Range 

. . -40°C<T a <+85°C 

DC Input Voltage 

V SUPPLY 

Storage Temperature Range 

..-65°C<T a <+150°C 

Differential Input Voltage 

8V 

Thermal Package Characteristics (°C/W) 

8ja 

Output Current (Note 2) 

. . Short Circuit Protected 

Plastic DIP Package 

130 


30mA Continuous 

SOIC Package 

170 


.60mA < 50% Duty Cycle 



Junction Temperature (Die Only) 

+175°C 



Junction Temperature (Plastic Package) . 

+150°C 



ESD Rating 

>2000V 



Lead Temperature (Soldering, 10s) 

+300°C 



(SOIC - Lead Tips Only) 




CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications V SUPPLY = ±5V > A v = + 1 , Rp = 51 OQ, R l = 100Q, Unless Otherwise Specified 


(NOTE 1) ALL GRADES 

TEST T 1 

LEVEL TEMPERATURE MIN TYP MAX UNITS 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Average Input Offset Voltage Drift 


Input Offset Voltage 
Common-Mode Rejection Ratio 


Input Offset Voltage 
Power Supply Rejection Ratio 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Non-inverting Input Bias Current 
Power Supply Sensitivity 


Non-Inverting Input Resistance 


Inverting Input Bias Current 


Inverting Input Bias Current Drift 


Inverting Input Bias Current 
Common-Mode Sensitivity 


AV cm = ±1.8V 
AV cm = ±1.8V 
AV cm = ±1.2V 


AV PS = ±1 .8V 
AV PS = ±1 ,8V 
AV PS = ±1 .2V 


AV P g = ±1 .8V 
AV P g = ±1 .8V 
AV PS = ±1 .2 V 


AVq M = ±"1 -8V 
AV cm = ±1.8V 
AV™ = ±1.2V 


AVp.m = ±1 .8 V 


AV cm =±1.8V 


AVom =±1.2V 
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Specifications HFA1105 


Electrical Specifications V SUPPLY = ±5V, A v = +1 , R F = 510ft, R l = 100ft, Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE 1) 

TEST 

LEVEL 

TEMPERATURE 

ALL GRADES 

UNITS 

MIN 

TYP 

MAX 

Inverting Input Bias Current AV PS = ±1 .8V 

A 

+25°C 

- 

2 

5 

fiA/V 

AV PS = ±1 .8V 

A 

+85°C 

- 

4 

8 

(iAA/ 

AV PS = ±1.2V 

A 

-40°C 

- 

4 

8 

|iA/V 

Inverting Input Resistance 

C 

+25°C 

- 

60 

- 

ft 

Input Capacitance (either input) 

C 

+25°C 

- 

1.6 

- 

PF 

Input Voltage Common Mode Range 

(Implied by V l0 CMRR, +R !N , and -l B | AS CMS tests) 

A 

+25°C, +85°C 

±1.8 

±2.4 

- 

V 

A 

-40°C 

±1.2 

±1.7 

- 

V 

Input Noise Voltage Density (f = 100kHz) 

B 

+25°C 

- 

3.5 

- 

nV/VHz 

Non-Inverting Input Noise Current Density (f = 100kHz) 

B 

+25°C 

- 

2.5 

- 

pA/VHz 

Inverting Input Noise Current Density (f = 100kHz) 

B 

+25°C 

- 

20 

- 

pA/VHz 


TRANSFER CHARACTERISTICS 


Open Loop Transimpedance Gain (A v = -1) 

C 

+25°C 

1 ' 1 

500 

n 

k ft 

AC CHARACTERISTICS Rp = 510ft, Unless Otherwise Specified 








-3dB Bandwidth 
(V 0 ut = 0.2V P . P , Note 5) 

Ay = +1 , +Rg = 510ft 

B 

+25°C 

- 

270 

- 

MHz 


B 

Full 

- 

240 

- 

MHz 


Ay = -1,Rp = 425ft 

B 

+25°C 

- 

300 

- 

MHz 


Ay = +2 

B 

+25°C 

- 

330 

■ 

MHz 



B 

Full 

- 

260 

- 

MHz 


Ay = +10, Rp= 180ft 

B 

+25°C 

- 

130 

- 

MHz 



B 

Full 

- 

90 

- 

MHz 

Full Power Bandwidth 
(Vqut = 5V P . P at Ay = +2/-1 , 

4V P . P at A v = +1 , Note 5) 

Ay = +1 , +R S = 51 Oft 

B 

+25°C 

- 

135 

- 

MHz 

<> 

it 

B 

+25°C 

- 

140 

- 

MHz 


CM 

+ 

II 

> 

< 

B 

+25°C 

- 

115 

- 

MHz 

Gain Flatness 

(A v = +2, V 0U T = 0.2V P _ P , Note 5) 

to 25MHz 

B 

+25°C 

■ 

±0.03 

- 

dB 


B 

Full 


±0.04 

- 

dB 


to 75MHz 

B 

+25°C 


±0.11 

- 

dB 



B 

Full 


±0.22 

- 

dB 

Gain Flatness 

(Ay = +1 , +R S = 510ft, Vqut = 0.2V P . P , 
Note 5) 

to 25MHz 

B 

+25°C 


1 ±0.03 

■ 

dB 

to 75MHz 

B 

+25°C 


±0.09 

- 

dB 

Minimum Stable gain 

A 

Full 

- 

1 

- 

V/V 


OUTPUT CHARACTERISTICS A v = +2, R F = 51 Oft Unless Otherwise Specified 

Output Voltage Swing | A | +25°C | ±3 | +3.4 | - | V 

(A v = -1 , R L = 100ft, Note 5) 














































































































































Specifications H FA 11 05 


Electrical Specifications v s 


f = ±5V, A v = +1 , R f = 51 Oft, R L = 100ft, Unless Otherwise Specified (Continued) 




(NOTE 1) 


ALL GRADES 




TEST 

LEVEL 






PARAMETER 


TEMPERATURE 

MIN 

TYP 

MAX 

UNITS 

Output Current (A v = -1 , R L = 50ft, Note 5) 


A 

+25°C, +85°C 

50 

60 

- 

mA 



A 

-40°C 

28 

42 

- 

mA 

Output Short Circuit Current 

B 

+25°C 

- 

90 

- 

mA 

DC Closed Loop Output Impedance (Note 5) 

B 

+25°C 

- 

0.08 

- 

Q 

Second Harmonic Distortion 

10MHz 

B 

+25°C 

- 

-48 

- 

dBc 

\ v OUT - * V P-P> Note 

20MHz 

B 

+25°C 

- 

-44 

- 

dBc 

Third Harmonic Distortion 

10MHz 

B 

+25°C 

- 

-50 

- 

dBc 

\ ''out - ^ v p-p. Note o; 

20MHz 

B 

+25°C 

- 

-45 

- 

dBc 

Reverse Isolation (30MHz, Note 5) 

B 

+25°C 

- 

-55 

- 

dB 

TRANSIENT CHARACTERISTICS A v = +2, R F = 51 Oft, Unless Otherwise Specified 

Rise and Fall Times (V 0UT = 0.5V P . P ) 


B 

+25°C 

- 

1.1 

- 

ns 



B 

Full 

- 

1.4 

- 

ns 

Overshoot (Note 3) 

+OS 

B 

+25°C 

- 

3 

- 

% 

\ v OUT - u to U.OV, V| N IrisE - ins / 

-OS 

B 

+25°C 

- 

5 

- 

% 

Overshoot (Note 3) 

+OS 

B 

+25°C 

• 

3 

- 

% 

\ ’'out - o.ov P . P , v (N i RiSE - ins; 

-OS 

B 

+25°C 

■ 

11 

- 

% 

Slew Rate 

(V 0UT = 4V P . P , A v = +1 , +R S = 51 Oft) 

+SR 

B 

+25°C 

- 

1000 

- 

V/ps 


B 

Full 

- 

975 

- ’ 

V/ps 


-SR (Note 4) 

B 

+25°C 

- 

650 

- 

V/ps 



B 

Full 

- 

580 

- 

V/ps 

Slew Rate 

(V 0 ut = 5V p . Pi A v = +2) 

+SR 

B 

+25°C 

• 

1400 

- 

V/ps 


B 

Full 

- 

1200 

- 

V/ps 


-SR (Note 4) 

B 

+25°C 

- 

800 

- 

V/ps 



B 

Full 

- 

700 

- 

V/ps 

Slew Rate 

(V 0 ut = 5V P . P , A v = -1) 

+SR 

B 

+25°C 

- 

2100 

- 

V/ps 


B 

Full 

- 

1900 

- 

V/ps 


-SR (Note 4) 

B 

+25°C 

- 

1000 

- 

V/ps 



B 

Full 

- 

900 

- 

V/ps 

Settling Time 

A# OX# n\/ cton Mnto C\ 

To 0.1% 

B 

+25°C 

- 

15 

- 

ns 

VVqut — +^v to uv step, iNoie oj 

To 0.05% 

B 

+25°C 

- 

23 

- 

ns 


To 0.02% 

B 

+25°C 

- 

30 

- 

ns 

Overdrive Recovery Time (V )N = ±2V) 

B 

+25°C 

- 

8.5 

- 

ns 

VIDEO CHARACTERISTICS A v = +2, R P = 

51 0Q, Unless Otherwise Specifiec 

1 





Differential Gain 

it 'X £QML-J7\ 

R l = 150ft 

B 

+25°C 

- 

0.02 

- 

mm 

^i — o.ooivir izj 

R l = 75 Q 

B 

+25°C 

- 

0.03 

- 

% 
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Specifications HFA1105 


Electrical Specifications V SU p PLY = ±5V, A v = +1 , R f = 51 OQ, R l = 1 00Q, Unless Otherwise Specified (Continued) 




(NOTE 1) 

TEST 

LEVEL 


ALL GRADES 


PARAMETER 


TEMPERATURE 

MIN 

TYP 

MAX 

UNITS 

Differential Phase 
(f = 3.58MHz) 

R l = 150C2 

B 

+25°C 

- 

0.03 

- 

Degrees 

R l = 75Q 

B 

+25°C 

- 

0.05 

- 

Degrees 

POWER SUPPLY CHARACTERISTICS 

Power Supply Range 

C 

+25°C 

±4.5 

- 

±5.5 

V 

Power Supply Current 


A 

+25°C 

- 

5.8 

6.1 

mA 



A 

Full 

- 

5.9 

6.3 

mA 


NOTE: 

1 . Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 

2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 

3. Undershoot dominates for output signal swings below GND (e.g. 0.5V P . P ), yielding a higher overshoot limit compared to the V 0 ui = 0 to 
0.5V condition. See the “Application Information” section for details. 

4. Slew rates are asymmetrical if the output swings below GND (e.g. a bipolar signal). Positive unipolar output signals have symmetric pos- 
itive and negative slew rates comparable to the +SR specification. See the “Application Information” section, and the pulse response 
graphs for details. 

5. See Typical Performance Curves for more information. 


Application Information 

Optimum Feedback Resistor 

Although a current feedback amplifier’s bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifier’s 
unique relationship between bandwidth and R F . All current 
feedback amplifiers require a feedback resistor, even for 
unity gain applications, and Rp , in conjunction with the inter- 
nal compensation capacitor, sets the dominant pole of the 
frequency response. Thus, the amplifier’s bandwidth is 
inversely proportional to R P . The HFA1105 design is opti- 
mized for Rp = 51 OQ at a gain of +2. Decreasing R F 
decreases stability, resulting in excessive peaking and over- 
shoot (Note: Capacitive feedback will cause the same prob- 
lems due to the feedback impedance decrease at higher 
frequencies). At higher gains, however, the amplifier is more 
stable so Rp can be decreased in a trade-off of stability for 
bandwidth. 

The table below lists recommended Rp values for various 
gains, and the expected bandwidth. For a gain of +1 , a resis- 
tor (+R S ) in series with +IN is required to reduce gain peak- 
ing and increase stability. 


GAIN 

(Acl) 

Rp(Q) 

BANDWIDTH 

(MHz) 

-1 

425 

300 

+1 

510 (+R S = 51 0Q) 

270 

+2 

510 

330 

+5 

200 

300 

+10 

180 

130 


Non-inverting Input Source Impedance 

For best operation, the DC source impedance seen by the 
non-inverting input should be >50Q. This is especially impor- 
tant in inverting gain configurations where the non-inverting 
input would normally be connected directly to GND. 

Pulse Undershoot and Asymmetrical Slew Rates 

The HFA1105 utilizes a quasi-complementary output stage 
to achieve high output current while minimizing quiescent 
supply current. In this approach, a composite device 
replaces the traditional PNP pulldown transistor. The com- 
posite device switches modes after crossing 0V, resulting in 
added distortion for signals swinging below ground, and an 
increased undershoot on the negative portion of the output 
waveform (See Figures 5, 8, and 11). This undershoot isn’t 
present for small bipolar signals, or large positive signals. 
Another artifact of the composite device is asymmetrical 
slew rates for output signals with a negative voltage compo- 
nent. The slew rate degrades as the output signal crosses 
through 0V (See Figures 5, 8, and 11), resulting in a slower 
overall negative slew rate. Positive only signals have sym- 
metrical slew rates as illustrated in the large signal positive 
pulse response graphs (See Figures 4, 7, and 10). 

PC Board Layout 

The amplifier’s frequency response depends greatly on the 
care taken in designing the PC board. The use of low 

inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 
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Terminated microstrip signal lines are recommended at the 
device’s input and output connections. Capacitance, para- 
sitic or planned, connected to the output must be minimized, 
or isolated as discussed in the next section. 

Care must also be taken to minimize the capacitance to 
ground at the amplifier’s inverting input (-IN), as this capaci- 
tance causes gain peaking, pulse overshoot, and if large 
enough, instability. To reduce this capacitance, the designer 
should remove the ground plane under traces connected to 
-IN, and keep connections to -IN as short as possible. 

An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 2. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (R s ) in series with the output 
prior to the capacitance. 

Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the R s and C L combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 

R s and C L form a low pass network at the output, thus limiting 
system bandwidth well below the amplifier bandwidth of 
270MHz (for A v = +1). By decreasing R s as C L increases (as 
illustrated in the curves), the maximum bandwidth is obtained 
without sacrificing stability. In spite of this, the bandwidth 
decreases as the load capacitance increases. For example, at 
A v = +1, Rs = 62ft, C L = 40pF, the overall bandwidth is lim- 
ited to 180MHz, and bandwidth drops to 75MHz at 
A y = +1 , Rs = 8ft, C|_ = 400pF. 


Evaluation Board 

The performance of the HFA1105 may be evaluated using 
the HFA11XX Evaluation Board. 

The layout and schematic of the board are shown in Figure 
2. To order evaluation boards (part number HFA11XXEVAL), 
please contact your local sales office. 




50 100 150 200 250 300 350 400 

LOAD CAPACITANCE (pF) 


lOfiFT 0,1 F F ’ 


^ $ 


?V H 
0.1 pF 


FIGURE 2C. SCHEMATIC 


FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 
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Die Characteristics 

DIE DIMENSIONS: 

59 x 59 x 19 ± Imils 
1 500nm x 1 500pm x 483pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

TRANSISTOR COUNT: 75 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metallization Mask Layout 

HFA1105 



V- NC 
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OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV) 


HFA1105 
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( dB ) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV) 


HFA1105 
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PHASE (DEGREES) NORMALIZED PHASE (DEGREES) 








REVERSE ISOLATION (dB) 


HFA1105 
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Typical Performance Curves v s 


= ±5V, R f = 51 Ofi, T a = +25°C, R l = 100Q, Unless Otherwise Specified (Continued) 



3 8 13 18 23 28 33 38 43 48 

TIME (ns) 

FIGURE 21. SETTLING RESPONSE 
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FIGURE 22. 2nd HARMONIC DISTORTION vs P 0U t 
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FIGURE 23. 3rd HARMONIC DISTORTION vs P 0U t 
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FIGURE 24. OUTPUT VOLTAGE vs TEMPERATURE 
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FIGURE 25. INPUT NOISE CHARACTERISTICS 
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SEMICONDUCTOR 


HFA1106 


High Speed, Low Power, Video Operational 
Amplifier with Compensation Pin 


Features 

• Compensation Pin for Bandwidth Limiting 

• Lower Lot-to-Lot Variability With External 
Compensation 

• High Input Impedance 

• Differential Gain 

• Differential Phase 

• Wide -3dB Bandwidth 

• Very Fast Slew Rate 

• Low Supply Current 

• Gain Flatness (to 100MHz) 


.... 1MQ 
. . . 0 . 02 % 
0.05 Deg. 
. 315MHz 
. 700V/fis 
.. 5.8mA 
. . ±0.1dB 


Applications 

• Noise Critical Applications 

• Professional Video Processing 

• Medical Imaging 

• Video Digitizing Boards/Systems 

• Radar/IF Processing 

• Hand Held and Miniaturized RF Equipment 

• Battery Powered Communications 

• Flash A/D Drivers 

• Oscilloscopes and Analyzers 


Description 

The HFA1106 is a high speed, low power current feedback 
operational amplifier built with Harris’ proprietary comple- 
mentary bipolar UHF-1 process. This amplifier features a 
compensation pin connected to the internal high impedance 
node, which allows for implementation of external clamping 
or bandwidth limiting. 

Bandwidth limiting is accomplished by connecting a capaci- 
tor (C CO mp) and series damping resistor (Rcomp) f rom P' n 8 
to ground. Amplifier performance for various values of 
C C omp is documented in the Electrical Specifications. 

The H FA 11 06 is ideal for noise critical wideband applica- 
tions. Not only can the bandwidth be limited to minimize 
broadband noise, the HFA1106 is optimized for lower feed- 
back resistors (R F = 100Q for A v = +2) than most current 
feedback amplifiers. The low feedback resistor reduces the 
inverting input noise current contribution to total output 
noise, while reducing DC errors as well. Please see the 
“Application Information” section for details. 

Ordering Information 


TEMPERATURE 

RANGE 


PART NUMBER RANGE PACKAGE 

HFA1 1 06IP -40°C to +85°C 8 Lead Plastic DIP 

HFAf 1 061 B -40°C to +85°C 8 Lead Plastic SOIC (N) 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1 995 o n q 


File Number 3922 
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Specifications HFA1106 


Absolute Maximum Ratings 


Voltage Between V+ and V- 11V 

DC Input Voltage v supply 

Differential Input Voltage 8V 

Output Current (Note 2) Short Circuit Protected 

30mA Continuous 
60mA < 50% Duty Cycle 
Junction Temperature. ............................. +175°C 

Junction Temperature (Plastic Package) +150°C 

ESD Rating >2000V 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 


Operating Conditions 


Operating Temperature Range -40°C < T A < +85°C 

Storage Temperature Range -65°C <T A < +150°C 

Package Thermal Characteristics 0 JA 

Plastic DIP Package 130°C/W 

SOIC Package 170°C/W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v SU p PLY = ±5V, a v = +i , R F = 51 on, c C0MP = opF, r l = i oon 
Unless Otherwise Specified 


PARAMETER 


(NOTE 1) 

TEST LEVEL 


TEMP 


INPUT CHARACTERISTICS 


Input Offset Voltage 

A 

+25°C 

A 

Full 

Average Input Offset Voltage Drift 

B 

Full 

Input Offset Voltage Common-Mode AV CM = ±1 .8V 

A 

+25°C 

Rejection Ratio AV cm = ±1.8V 

A 

+85°C 

AV cm = ±12V 

A 

-40°C 

Input Offset Voltage Power Supply AV PS = ±1 .8V 

A ; 

+25°C 

Rejection Ratio AV PS = ±1.8V 

A 

+85°C 

AV PS = ±1.2V 

A 

-40°C 

Non-Inverting Input Bias Current 

A 

+25°C 

A 

Full 

Non-Inverting Input Bias Current Drift 

B 

Full 

Non-Inverting Input Bias Current AV PS = ±1 .8V 

A 

+25°C 

Power Supply Sensitivity AVps _ ±1 gv 

A 

+85°C 

AV PS = +1.2V 

A 

-40 Oo C 

Non- Inverting Input Resistance AV CM = ±1 .8V 

A 

+25°C 

AV cm = ±1-8V 

A 

+85°C 

AV cm = ±1.2V 

A 

-40°C 

Inverting Input Bias Current 

A 

+25°C 

A 

Full 

Inverting Input Bias Current Drift 

B 

Full 

Inverting Input Bias Current AV CM = ±1 .8V 

A 

+25°C 

Common-Mode Sensitivity AV CM - +1 8V 

A 

+85°C 

AV cm = ±1 .2V 

A 

-40°C 

Inverting Input Bias Current Power AV PS = ±1 .8V 

A 

+25°C 

Supply Sensitivity AV PS = ±1.8V 

A 

+85°C 

1 

AVps as ±1 .2V 

A 

-40°C 

Inverting Input Resistance 

C 

+25°C 

Input Capacitance (Either Input) 

C 

+25°C 

Input Voltage Common Mode Range 

(Implied by V )0 CMRR, +R (N , and -l B | AS CMS Tests) 

A 

+25°C, +85°C 

A 

-40°C 



±1.7 

















































































































































Specifications HFA1106 


Electrical Specifications v SU p PLY = ±5V, a v = + 1 . R F = sion. c COMP = OpF, r l = iooa 
Unless Otherwise Specified (Continued) 



(NOTE 1) 


ALL GRADES | 


PARAMETER 

TEST LEVEL 

TEMP 

MIN 

TYP 

MAX 

UNITS 

Input Noise Voltage Density (f = 100kHz) 

B 

+25°C 

- 

3.5 

- 

nV/VHz 

Non-Inverting Input Noise Current Density (f = 100kHz) 

B 

+25°C 

- 

2.5 

- 

pA/^Hz 

Inverting Input Noise Current Density (f = 1 00kHz) 

B 

+25°C 

- 

20 

- 

pAA/Hz 


TRANSFER CHARACTERISTICS 


Open Loop Transimpedance Gain (A v = -1) 

C | +25°C 

- 

500 

- 

kft 

AC CHARACTERISTICS A v = +2, R F = 100ft, Rcomp = 51ft, Unless Otherwise Specified 

-3dB Bandwidth C c = OpF 

B 

+25°C 

250 

315 

- 

MHz 

(A v = +1, R f = 150ft, V 0 ut = 0.2V P .p) Q c = 2pF 

B 

+25°C 

140 

170 

- 

MHz 

C c = 5pF 

B 

+25°C 

65 

80 

- 

MHz 

-3dB Bandwidth C c = OpF 

B 

+25°C 

185 

245 

- 

MHz 

(A v = +2, V OUT = 0.2Vp. P ) C c = 2pF 

B 

+25°C 

110 

140 

- 

MHz 

C c = 5pF 

B 

+25°C 

55 

70 

- 

MHz 

±0.1 dB Flat Bandwidth C c = OpF 

B 

+25°C 

45 

65 

- 

MHz 

(A v = +1, R f = 150u, Vqut = 0.2V P _p) _ 2pF 

B 

+25°C 

25 

40 

- 

MHz 

C c = 5pF 

B 

+25°C 

13 

17 

- 

MHz 

±0.1 dB Flat Bandwidth C c = 0pF 

B 

+25°C 

60 

100 

- 

MHz 

(A v = +2, V 0UT = 0.2V p.p) C c = 2pF 

B 

+25°C 

15 

30 

- 

MHz 

C c = 5pF 

B 

+25°C 

11 

14 

- 

MHz 

Minimum Stable Gain 

A 

Full 

1 

- 

- 

V/V 


OUTPUT CHARACTERISTICS A v = +2, R F = 100ft, Rcomp = 51 ft, Unless Otherwise Specified 


Output Voltage Swing (A v = -1 , R F = 510ft) 

A 

+25°C 

±3 

±3.4 

- 

V 

A 

Full 

±2.8 

±3 

- 

V 

Output Current (A v = -1 , R L = 50ft, R F = 51 Oft) 

A 

+25°C, +85°C 

50 

60 

- 

mA 

A 

-40°C 

28 

42 

- 

mA 

DC Closed Loop Output Impedance 

B 

+25°C 


0.07 

- 

ft 

Output Short Circuit Current (A v = -1) 

B 

+25°C 

- 

90 


mA 

Second Harmonic Distortion C c = OpF 

B 

+25°C 

-45 

-53 


dBc 

(10MHz, V 0 ut = 2V P _ P ) q c _ 2 pp 

B 

+25°C 

-42 

-48 


dBc 

C c = 5pF 

B 

+25°C 

-38 

-44 


dBc 

Third Harmonic Distortion C c = OpF 

B 

+25°C 

-50 

-57 


dBc 

(1 0MHz, V 0UT = 2V P _p) Cc _ 2pF 

B 

+25°C 

-48 

-56 


dBc 

C c = 5pF 

B 

+25°C 

-48 

-56 


dBc 

Second Harmonic Distortion C c = OpF 

B 

+25°C 

-42 

-46 


dBc 

(20MHz, V 0 ut = 2V P _ P ) q c _ 2pF 

B 

+25°C 

-38 

-42 


dBc 

C c = 5pF 

B 

+25°C 

-34 

-38 

- 

dBc 

Third Harmonic Distortion C c = OpF 

B 

+25°C 

-46 

-57 

- 

dBc 

(20MHz, V 0UT = 2V P _p) _ 2pF 

B 

+25°C 

-52 

-57 

- 

dBc 


C c = 5pF 































































































































































































Specifications HFA1106 


Electrical Specifications 


^SUPPLY ~ iSV, Ay — +1 , Rp ss 51 0C2, Cqqmp = OpF, R|_ = 100Q 
Unless Otherwise Specified (Continued) 


PARAMETER 


TRANSIENT CHARACTERISTICS A v 


Rise and Fall Times 

(Vq^jt ss 0.5V p.p, Ay = +1, Rp ss 150Q) 


Rise and Fall Times 
(Vqut = 0.5Vp.p, Ay ss +2) 


Overshoot (Note 3) 

(Ay ~ +1 , Rp = 1 500, Vj|vi tpisE = 2.5ns) 


Overshoot (Note 3) 

(Ay ss +2, V| N t R( sE - 2.5ns) 


(NOTE 1) 

TEST LEVEL 


s +2, Rp = 100£2, Rcomp ~ 51 ft, Unless Otherwise Specified 


C c = OpF 
C c = 2pF 
C c = 5pF 


C c = OpF 
C C = 2pF 
C c = 5pF 


Vqut = 250mVp. P 
v out = 2 V p-p 



Settling Time 

(Vqut = +2V to OV Step, 

Cq - OpF to 5pF) 


Overload Recovery Time (V| N = ±2V) 


VIDEO CHARACTERISTICS A v = +2, R 


Differential Gain 

(f = 3.58MHz, R L s= 1500) 


Differential Phase 

(f = 3;58MHz, R L = 1500) 


POWER SUPPLY CHARACTERISTICS 


Power Supply Range 


Power Supply Current 


» 1000, R C omp = 510, Unless Otherwise Specified 


Cc - OpF 
C c = 5pF 


Cc = OpF 
C c = 5pF 



1 . Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 

2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability; however, continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 

3. Undershoot dominates for output signal swings below GND (e.g. 2V P . P ) yielding a higher overshoot limit compared to the V 0UT = 0 to 2V 
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HFA1106 


Application Information 

Optimum Feedback Resistor 

All current feedback amplifiers (CFAs) require a feedback 
resistor (R F ) even for unity gain applications, and R F in con- 
junction with the internal compensation capacitor sets the 
dominant pole of the frequency response. Thus the ampli- 
fier’s bandwidth is inversely proportional to R F . The 
HFA1106 design is optimized for R F = 150ft at a gain of +1. 
Decreasing R F decreases stability resulting in excessive 
peaking and overshoot - Note: Capacitive feedback causes 
the same problems due to the feedback impedance 
decrease at higher frequencies. At higher gains, however, 
the amplifier is more stable, so R F can be decreased in a 
trade-off of stability for bandwidth (e.g. R F = 100ft for 
Ay — +2). 

Why Use Externally Compensated Amplifiers? 

Externally compensated op amps were originally developed 
to allow operation at gains below the amplifier’s minimum 
stable gain. This enabled development of non-unity gain sta- 
ble op amps with very high bandwidth and slew rates. Users 
needing lower closed loop gains could stabilize the amplifier 
with external compensation if the associated performance 
decrease was tolerable. 

With the advent of CFAs, unity gain stability and high perfor- 
mance are no longer mutually exclusive, so why offer unity 
gain stable op amps with compensation pins? 

The main reason for external compensation is to allow users 
to tailor the amplifier’s performance to their specific system 
needs. Bandwidth can be limited to the exact value required, 
thereby eliminating excess bandwidth and its associated 
noise. A compensated op amp is also more predictable; 
lower lot-to-lot variation requires less system overdesign to 
cover process variability. Finally, access to the internal high 
impedance node allows users to implement external output 
limiting or allows for stabilizing the amplifier when driving 
large capacitive loads. 

Noise Advantages - Uncompensated 

The HFA1106 delivers lower broadband noise even without 
an external compensation capacitor. Package capacitance 
present at the Comp pin stabilizes the op amp, so lower 
value feedback resistors can be used. A smaller value R F 
minimizes the noise voltage contribution of the amplifier’s 
inverting input noise current - l Nf x R F , usually a large con- 
tributor on CFAs - and minimizes the resistor’s thermal noise 
contribution (4KTR F ). Figure 1 details the HFA1105 broad- 
band noise performance in its recommended configuration 
of A v = +2, and R F = 510ft. Adding a Comp pin to the 
HFA1105 (thereby creating the HFA1106) yields the 23% 
noise reduction shown in Figure 2. In both cases, the scope 
bandwidth, 100MHz, limits the measurement range to pre- 
vent amplifier bandwidth differences from affecting the 
results. 
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FIGURE 1. HFA1105 NOISE PERFORMANCE, A v = +2, 
R F = 510ft 



FIGURE 2. HFA1106 NOISE PERFORMANCE, 

UNCOMPENSATED, A v = +2, R F = 100ft 

Offset Advantage 

An added advantage of the lower value R F is a smaller DC 
output offset. The op amp’s inverting input bias current (l B) ) 
flows through the feedback resistor and generates an offset 
voltage error defined by: 


Reducing R F reduces these errors. 

Bandwidth Limiting 

The HFA1106 bandwidth may be limited by connecting a 
resistor, Rcomp (required to damp the interaction between 
the compensation capacitor and the package parasitics), 
and capacitor, C CO mp . in series from pin 8 to GND. Typical 
performance characteristics for various C CO mp values are 
listed in the specification table. The HFA1106 is already unity 
gain stable, so the main reason for limiting the bandwidth is 
to reduce the broadband noise. 

Noise Advantages - Compensated 

System noise reduction is maximized by limiting the op amp 
to the bandwidth required for the application. Noise 
increases as the square root of the bandwidth increase (4x 
bandwidth increase yields 2x noise increase), so eliminating 
excess bandwidth significantly reduces system noise. Figure 
3 illustrates the noise performance of the HFA1106 with its 
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HFA1106 


bandwidth limited to 40MHz by a lOpF C C qmp • As expected 
t he noise decrea ses by approximately 37% (100% x(1- 
V40MHz/100MHz)) compared with Figure 2. The decrease is 
an even more dramatic 48% versus the HFA1105 noise level 
in Figure 1. 


should remove the ground plane under traces connected to 
-IN, and keep connections to -IN as short as possible. 

An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 4. 



FIGURE 3. HFA1106 NOISE PERFORMANCE, 

COMPENSATED, A v = +2, R F = 100ft, C c = 10 P F 

Additionally, compensating the HFA1106 allows the use of a 
lower value R F for a given gain. The decreased bandwidth 
due to C C0MP keeps the amplifier stable by offsetting the 
increased bandwidth from the lower Rp. As noted previously, 
a lower value R F provides the double benefit of reduced DC 
errors and lower total noise. 

Less Lot-to-Lot Variability 

External compensation provides another advantage by 
allowing designers to set the op amp’s performance with a 
precision external component. On-chip compensation 
capacitors can vary by 10-20% over the process extremes. 
A precise external capacitor dominates the on-chip compen- 
sation for consistent lot-to-lot performance and more robust 
designs. Compensating high frequency amplifiers to lower 
bandwidths can simplify design tasks and ensure long term 
manufacturability. 

PC Board Layout 

This amplifier’s frequency response depends greatly on the 
care taken in designing the PC board. The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (10pF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
device’s input and output connections. Capacitance, para- 
sitic or planned, connected to the output must be minimized, 
compensated for by increasing C C0MP , or isolated by a 
series output resistor. 

Care must also be taken to minimize the capacitance to 
ground at the amplifier’s inverting input (-IN), as this capaci- 
tance causes gain peaking, pulse overshoot, and if large 
enough, instability. To reduce this capacitance, the designer 


Evaluation Board 

The performance of the HFA1106 may be evaluated using 
the HFA11XX Evaluation Board. 

Figure 4 details the evaluation board layout and schematic. 
Connecting Rqomp and c comp in series from socket pin 8 to 
the GND plane compensates the op amp. Cutting the trace 
from pin 8 to the V H connector removes the stray parallel 
capacitance, which would otherwise affect the evaluation. 
Additionally, the 500Q feedback and gain setting resistors 
should be changed to the proper value for the gain being 
evaluated. 

To order evaluation boards (part number HFA11XXEVAL), 
please contact your local sales office. 


TOP LAYOUT 



FIGURE 4. EVALUATION BOARD SCHEMATIC AND LAYOUT 






HFA1106 


Die Characteristics 

DIE DIMENSIONS: 

59mils x 58.2mils x 19mils ± Imils 
1500pm x 1480pm x 483pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

TRANSISTOR COUNT: 75 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


2 


Metallization Mask Layout 

HFA1106 



V- NC 
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OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV) 


HFA1106 
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GAIN (dB) NORMALIZED GAIN (dB) GAIN (dB) NORMALIZED 


HFA1106 
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OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV) 


HFA1106 
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GAIN (dB) NORMALIZED GAIN (dB) NORMALIZED 

6 > d» o co 3 GAIN (dB) 6 > 6 o g> 


HFA1106 


Typical Performance Curves V SUP p L Y = ±5V, T a = +25 °C, R l = loon, Unless Otherwise Specified (Continued) 




FREQUENCY (MHz) 


FIGURE 23. FREQUENCY RESPONSE 


FIGURE 24. GAIN FLATNESS 



1 10 100 500 

FREQUENCY (MHz) 

SURE 25. FREQUENCY RESPONSE (12 UNITS, 4 RUNS) 



FREQUENCY (MHz) 


FIGURE 26. GAIN FLATNESS (12 UNITS, 4 RUNS) 



FIGURE 27. FREQUENCY RESPONSE (12 UNITS, 4 RUNS) 


FIGURE 28. GAIN FLATNESS (12 UNITS, 4 RUNS) 






HFA1106 

Typical Performance Curves V SUPPL y = ±5V, T A = +25°C, R l = 100 Q, Unless Otherwise Specified (Continued) 
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FIGURE 30. SMALL SIGNAL PULSE RESPONSE 
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FIGURE 32. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 34. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 29. SMALL SIGNAL PULSE RESPONSE 
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FIGURE 31. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 33. LARGE SIGNAL PULSE RESPONSE 
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GAIN (dB) NORMALIZED GAIN (dB) GAIN (dB) NORMALIZED 


HFA1106 
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SETTLING ERROR (%) 
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HFA1109, HFA1149 


ADVANCE INFORMATION 

June 1995 


High-Speed, Low Power, Current Feedback 

Operational Amplifiers 


Features 

• Wide - 3dB Bandwidth (A v = +2) 500MHz 

• Gain Flatness (to 250MHz) 0.5dB 

• Very Fast Slew Rate (A v = +2). 1200V/ps 

• High Input Impedance 1.7Mft 

• Differential Gain/Phase 0.02%/0.02 Deg 

• Low Supply Current 10mA 

• Fast Output Enable/Disable (HFA1149) 

Applications 

• Professional Video Processing 

• Video Switchers and Routers 

• Medical Imaging 

• PC Multimedia Systems 

• Video Pixel Switching (HFA1 149) 

• Video Distribution Amplifiers 

• Flash Converter Drivers 

• Radar/IF Processing 


Description 

The HFA1109, and HFA1149 are high speed, low power, cur- 
rent feedback amplifiers built with Harris’ proprietary comple- 
mentary bipolar UHF-t process. These amplifiers feature a 
unique combination of power and performance specifically tai- 
lored for video applications. 

The HFA1109 is a standard pinout op amp. It is a higher per- 
formance, drop-in replacement (no feedback resistor change 
required) for the CLC409. 

The HFA1149 incorporates an output disable pin which is 
TTL/CMOS compatible, and user programmable for polarity 
(active high or low). This feature eliminates the inverter 
required between amplifiers in multiplexer configurations. 
The ultra-fast (10ns) enable and disable times make the 
HFA1149 the obvious choice for pixel switching and other 
high speed multiplexing applications. The HFA1149 is a high 
performance, pin compatible upgrade for the popular HA-5020 
and HFA1145, as well as the CLC410. 


Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE 


HFA1 1 091 P, HFA1 1 49IP -40°C to +85°C 8 Lead Plastic DIP 

HFA1 1 09IB, HFA1 1 49IB -40°C to +85°C 8 Lead Plastic SOIC (N) 


Pinouts 


HFA1109 
(PDIP, SOIC) 
TOP VIEW 


v 


PIN NAME 

NC |7 

7] NC 

Opt. Gnd 

- ,N 

7] v+ 


r-lJ^ L 


Polarity Set 

+IN [3 L 

7] OUT 


V- [7 

7] NC 


Immm 


DIS/DIS 


HFA1149 
(PDIP, SOIC) 
TOP VIEW 


OPT. GND [I 

- ,n E 

+IN [7 
v-IT 


JBJ DIS / DIS 

7] v+ 

7] OUT 

—| POLARITY 
SET 


HFA1149 PIN DESCRIPTIONS 
DESCRIPTION 

Optional Gnd. Maintains Disable Pin TTL Compat- 
ibility with Asymmetrical Supplies (e.g. +10V, 0V). 

Defines Polarity of Disable Input. High or Floating 
Selects Active Low Disable (i.e. DIS). 

TTL Compatible Disable Input. Output is Driven 
to a True Hi-Z State When Active. Polarity de- 
pends on state of Polarity Set Pin. 


HFA1149 DISABLE FUNCTIONALITY 


OP AMP WITH DISABLE 


POLARITY SET 
(PIN 5) 

High or Float 
High or Float 
Low 
Low 


DISABLE (PIN 8) OUTPUT (PIN 6) 

High or Float Enabled 


Low 

High or Float 
Low 


Enabled 

Disabled 

Disabled 

Enabled 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 „ ... 
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Ultra High-Speed 
Programmable Gain Buffer Amplifier 


Features 

• User Programmable for Closed-Loop Gains of +1, -1 
or +2 without Use of External Resistors 


• Wide -3dB Bandwidth 850MHz 

• Very Fast Slew Rate 2400V/^is 

• Fast Settling Time (0.1 %) ..11ns 

• High Output Current 60mA 

• Excellent Gain Accuracy 0.99V/V 

• Overdrive Recovery. . <10ns 


• Standard Operational Amplifier Pinout 

Applications 

• RF/IF Processors 

• Driving Flash A/D Converters 

• High-Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 


Description 

The HFA1112 is a closed loop Buffer featuring user 
programmable gain and ultra high speed performance. 
Manufactured on Harris’ proprietary complementary bipolar 
UHF-1 process, the HFA1112 offers a wide -3dB bandwidth 
of 850MHz, very fast slew rate, excellent gain flatness, low 
distortion and high output current. 

A unique feature of the pinout allows the user to select a 
voltage gain of +1,-1, or +2, without the use of any external 
components. Gain selection is accomplished via connec- 
tions to the inputs, as described in the “Application Informa- 
tion” section. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

Compatibility with existing op amp pinouts provides flexibility to 
upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path should a higher closed loop gain be needed at a 
future date. 

This amplifier is available with programmable output clamps 
as the HFA1113. For applications requiring a standard buffer 
pinout, please refer to the HFA1110 datasheet. For Military 
product, refer to the HFA1 112/883 data sheet. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1 1 12MJ/883 

-55°C to +125°C 

8 Lead CerDIP 

HFA1112IJ 

-40°C to +85°C 

8 Lead CerDIP 

HFA1112IP 

-40°C to +85°C 

8 Lead Plastic DIP 

HFA1112IB 

-40°C to +85°C 

8 Lead Plastic SOIC (N) 


Pinout 

HFA1112 

(PDIP, CERDIP, SOIC) 
TOP VIEW 

I SrT 1 


NC E 

300 

TJnc 

- ,n E 


T]v+ 

+IN [T 

J r 1 

TJout 

v- [T 


T] NC 


Pin Descriptions 


NAME 

PIN 

NUMBER 

DESCRIPTION 

NC 

1,5,8 

No Connection 

-IN 

2 

Inverting Input 

+IN 

3 

Non-Inverting Input 

V- 

4 

Negative Supply 

OUT 

6 

Output 

V+ 

7 

Positive Supply 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pjj e Number 2992.3 

Copyright © Harris Corporation 1995 
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Specifications HFA1112 


Absolute Maximum Ratings 


Voltage Between V+ and V- 12V 

Input Voltage V SUPPLY 

Differential Input Voltage 5V 

Output Current 60mA 

Junction Temperature (Ceramic and Die) +175°C 

Junction Temperature (Plastic Package) +150°C 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 


Operating Conditions 


Operating Temperature Range 

HFA1112I -40°C £ T a < +85°C 

Storage Temperature -65°C < T A < +1 50°C 

Thermal Package Characteristics (°CA/V) 0 JA 0 JC 

CerDIP Package 116 36 

Plastic DIP Package 98 N/A 

SOIC Package 170 N/A 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SUPPLY = ±5V, A v = +1 , R l = 100ft, Unless Otherwise Specified 




HFA1112I 1 


PARAMETER 

TEMPERATURE 

MIN 

TYP 

MAX 

UNITS 


INPUT CHARACTERISTICS 


Output Offset Voltage 

+25°C 

- 

8 

25 

mV 


Full 

- 

- 

35 

mV 

Output Offset Voltage Drift 

Full 

- 

10 

- 

pV/°C 

PSRR 

+25°C 

39 

45 

- 

dB 


Full 

35 

- 

- 

dB 

Input Noise Voltage (100kHz, Note 2) 

+25°C 

- 

9 

- 

nV/VRz 

Non-Inverting Input Noise Current (100kHz, Note 2) 

+25°C 

- 

37 

- 

pAA/Hz 

Non-Inverting Input Bias Current 

+25°C 

- 

25 

40 

pA 


Full 

- 

- 

65 

pA 

Non-Inverting Input Resistance 

+25°C 

25 

50 

- 

kft 

Inverting Input Resistance (Note 1) 

+25°C 

240 

300 

360 

ft 

Input Capacitance (Either Input) 

+25°C 

- 

2 

- 

PF 

Input Common Mode Range 

Full 

±2.5 

±2.8 

- 

V 


TRANSFER CHARACTERISTICS 


Gain(A v = +1, V, n = +2V) 

+25°C 

0.980 

0.990 

1.020 

VA/ 

Full 

0.975 

- 

1.025 

VA/ 

Gain (A v = +2, V IN = +1 V) 

+25°C 

1.96 

1.98 

2.04 

VA/ 

Full 

1.95 

- 

2.05 

VA/ 

DC Non-Linearity (A v = +2, ±2V Full Scale, Note 2) 

+25°C 

- 

0.02 

- 

% 


OUTPUT CHARACTERISTICS 


Output Voltage (A v = -1 , Note 2) 

+25°C 

±3.0 

±3.3 

- 

V 

Full 

±2.5 

±3.0 

- 

V 

Output Current (R L = 50ft, Note 2) 

+25°C, +85°C 

50 

60 

- 

mA 

-40°C 

35 

50 

- 

mA 

DC Closed Loop Output Impedance (A v = +2) 

+25°C 

- 

0.3 

- 

ft 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 

Full 

±4.5 

- 

±5.5 

V 

Supply Current (Note 2) 

+25°C 

* 

21 

26 

mA 


Full 


33 


mA 






























































































































Specifications HFA1112 












































































































































Specifications HFA1112 


Electrical Specifications Vs UP p L Y = ±5V, A v = +1 , R L = 1000 , Unless Otherwise Specified (Continued) 



Overshoot 

(V OUT = 0.5V Step, Input t R /t F = 200ps, 
Notes 1,2,3) 


0.1% Settling (V 0U t = 2V to 0V, Note 2) 


0.05% Settling (V 0U t = 2V to 0V) 


Overdrive Recovery Time (V )N = 5V P . P ) 


Differential Gain 


Differential Phase 


A v = +1, 3.58MHz, 
R L = 1 50Q 

A v = +2, 3.58MHz, 
R L = 150ft 



1 . This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

2. See Typical Performance Curves for more information. 

3. Overshoot decreases as input transition times increase, especially for A v = +1. Please refer to Performance Curves. 
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HFA1112 


Die Characteristics 

DIE DIMENSIONS: 

63 x 44 x 1 9 + 1 mils 
1 600^im x 1 1 30pm ±25.4pm 

METALLIZATION: 

Type: Metal 1 : AlCu (2%)/TiW Type: Metal 2: AlCu (2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSI VATION : 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

WORST CASE CURRENT DENSITY: 

2.12x10 5 A/cm 2 at 50mA 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 
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Application Information 

Closed Loop Gain Selection 

The HFA1112 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

This “buffer” operates in closed loop gains of -1 , +1 , or +2, and 
gain selection is accomplished via connections to the ±inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1, while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 

The table below summarizes these connections: 

I ~ I CONNECTIONS 


GAIN 1 

(A C l) 

+INPUT (PIN 3) 

-INPUT (PIN 2) 

-1 

GND 

Input 

+1 

Input 

NC (Floating) 

+2 

Input 

GND 


phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (R s ) in series with the output 
prior to the capacitance. 

Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the R s and C L combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 

R s and C L form a low pass network at the output, thus lim- 
iting system bandwidth well below the amplifier bandwidth 
of 850MHz. By decreasing R s as C L increases (as illus- 
trated in the curves), the maximum bandwidth is obtained 
without sacrificing stability. Even so, bandwidth does 
decrease as you move to the right along the curve. For 
example, at A v = +1, R s = 50ft, C L = 30pF, the overall 
bandwidth is limited to 300MHz, and bandwidth drops to 
1 00MHz at A v = +1 , R s = 5ft, C L = 340pF. 


PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 

use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (1 OpiF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 

For unity gain applications, care must also be taken to 
minimize the capacitance to ground seen by the amplifier’s 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause 
excessive high frequency peaking and potentially other 
problems as well. 

An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 2. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 


0 40 80 120 160 200 240 280 320 360 400 

LOAD CAPACITANCE (pF) 

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 

Evaluation Board 

The performance of the HFA1112 may be evaluated using 
the HFA11XX Evaluation Board, slightly modified as follows: 

1 . Remove the 500ft feedback resistor (R2), and leave the 
connection open. 

2. a. For A v = +1 evaluation, remove the 500ft gain setting 

resistor (R1), and leave pin 2 floating, 
b. For A v = +2, replace the 500ft gain setting resistor with 
a Oft resistor to GND. 

The layout and modified schematic of the board are shown 
in Figure 2. 

To order evaluation boards, please contact your local sales 
office. 


00 (A v = +1) 
or on (A v = +2) 


p m 0.1 ll F 

V V 


TOP LAYOUT 


BOTTOM LAYOUT 


J £ £ 

O.lnFiL dfiOpF 



FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT 
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DEVIATION (DEGREES) 


HFA1112 


Typical Performance Curves V SUPPLY = ±5V, T a = +25°C, R l = 100 Q, Unless Otherwise Specified (Continued) 
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FIGURE 15. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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FIGURE 16. FULL POWER BANDWIDTH 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

FIGURE 17. -3dB BANDWIDTH vs TEMPERATURE 


minima 

mini 

ggjwffla 


FREQUENCY (MHz) 
FIGURE 18. GAIN FLATNESS 



0 15 30 45 60 75 90 105 120 135 150 

FREQUENCY (MHz) 

FIGURE 19. DEVIATION FROM LINEAR PHASE 



-2 3 8 13 18 23 28 33 38 43 

TIME (ns) 

FIGURE 20. SETTLING RESPONSE 
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SEMICONDUCTOR 


HFA1113 


July 1995 


Output Limiting, Ultra High Speed, 
Programmable Gain, Buffer Amplifier 


Features 

• User Programmable Output Voltage Limiting 

• User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 

• Wide -3dB Bandwidth 850MHz 

• Excellent Gain Flatness (to 100MHz) ±0.07dB 

• Low Differential Gain and Phase 0.02%/0.04 Deg. 

• Low Distortion (HD3, 30MHz) -73dBc 

• Very Fast Slew Rate .... 2400V/ps 

• Fast Settling Time (0.1%) 13ns 

• High Output Current 60mA 

• Excellent Gain Accuracy 0.99V/V 

• Overdrive Recovery <1 ns 

• Standard Operational Amplifier Pinout 


Applications 

• RF/IF Processors 

• Driving Flash A/D Converters 

• High-Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 


Description 

The HFA1113 is a high speed Buffer featuring user program- 
mable gain and output limiting coupled with ultra high speed 
performance. This buffer is the ideal choice for high fre- 
quency applications requiring output limiting, especially 
those needing ultra fast overload recovery times. The output 
limiting function allows the designer to set the maximum 
positive and negative output levels, thereby protecting later 
stages from damage or input saturation. The sub-nano- 
second overdrive recovery time quickly returns the amplifier 
to linear operation following an overdrive condition. 

A unique feature of the pinout allows the user to select a 
voltage gain of +1,-1, or +2, without the use of any external 
components, as described in the “Application Information” 
section. Compatibility with existing op amp pinouts provides 
flexibility to upgrade low gain amplifiers, while decreasing 
component count. Unlike most buffers, the standard pinout 
provides an upgrade path should a higher closed loop gain 
be needed at a future date. 

Component and composite video systems will also benefit 
from this buffer’s performance, as indicated by the excellent 
gain flatness, and 0.02%/0.04 Deg. Differential Gain/Phase 
specifications (R L = 150Q). 

For Military product, refer to the HFA1 11 3/883 data sheet. 


Ordering Information 

PART TEMPERA- 

NUMBER TURE RANGE PACKAGE 

HFA1113MJ/883 -55°C to +125°C 8 Lead CerDIP 

HFA1113IJ -40°C to +85°C 8 Lead CerDIP 

HFA1113IP -40°C to +85°C 8 Lead Plastic DIP 

HFA1113IB -40°C to +85°C 8 Lead Plastic SOIC (N) 


Pinout 


HFA1113 

(PDIP, CERDIP, SOIC) 

TOP VIEW 



Pin Descriptions 


PIN 

NUMBER 


DESCRIPTION 


No Connection 


Inverting Input 



Upper Output Limit 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1 995 
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Specifications HFA1113 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 

DC Input Voltage 

Differential Input Voltage 

Voltage at V H or V L Terminal 

Output Current (50% Duty Cycle) 

Junction Temperature (Ceramic and Die). . 
Junction Temperature (Plastic Package) . . 

Lead Temperature (Soldering 10s) 

(SOIC - Lead Tips Only) 

12V 

V SUPPLY 

5 V 

. .(V+) + 2V to (V-) - 2V 

60mA 

+175°C 

+150°C 

+300°C 

Operating Temperature Range 

HFA1113I 

Storage Temperature 

Thermal Resistance (°C/W) 

CerDIP 

Plastic DIP 

SOIC 

-40°C < T A < +85°C 

-65°C^T a ^+150°C 

0 JA 0 JC 

116 36 

130 N/A 

170 N/A 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SUP p LY = ±5V, A v = +1 , R l = I oon , Unless Otherwise Specified 


PARAMETER 

TEMPERATURE 

HFA1113I 

UNITS 

MIN TYP 

MAX 

| INPUT CHARACTERISTICS | 

Output Offset Voltage 

+25°C 

- 

8 

25 

mV 

Full 

- 

- 

35 

mV 

Output Offset Voltage Drift 

Full 

- 

10 

* 

pV/°C 

PSRR 

+25°C 

39 

45 

- 

dB 

Full 

35 

- 

- 

dB 

Input Voltage Noise (100kHz, Note 2) 

+25°C 

- 

9 

- 

nV/VRz 

+lnput Current Noise (100kHz, Note 2) 

+25°C 

- 

37 

- 

pA/VHz 

Non-Inverting Input Bias Current 

+25°C 

- 

25 

40 

pA 

Full 

- 

- 

65 

pA 

Non-Inverting Input Resistance 

+25°C 

25 

50 

- 

kfl 

Inverting Input Resistance (Note 1 ) 

+25°C 

240 

300 

360 

Q 

Input Capacitance (Either Input) 

+25°C 

- 

2 

- 

PF 

Input Common Mode Range 

Full 

±2.5 

±2.8 

- 

V 


TRANSFER CHARACTERISTICS 


Gain (A v = +1 , V, N = +2V) 

+25°C 

0.980 

0.990 

1.020 

V/V 

Full 

0.975 

- 

1.025 

v/v 

Gain (A v = +2, V, N = +1V) 

+25°C 

1.96 

1.98 

2.04 

VA/ 

Full 

1.95 

- 

2.05 

V/V 

DC Non-Linearity (A v = +2, ±2V Full Scale, Note 2) 

+25°C 

- 

0.02 

- 

% 


OUTPUT CHARACTERISTICS 


Output Voltage (A v = -1 , Note 2) 

+25°C 

±3.0 

±3.3 

- 

V 

Full 

±2.5 

±3.0 

- 

V 

Output Current (R L = 50fi, Note 2) 

+25°C, 85°C 

50 

60 

- 

mA 

-40°C 

35 

50 

- 

mA 

DC Closed Loop Output Impedance 

+25°C 

- 

0.3 

- 

Q 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 

Full 

±4.5 

- 

±5.5 

V 

Supply Current (Note 2) 

+25°C 

- 

21 

26 

mA 


mA 


Full 


33 

































































































































Specifications HFA1113 


Electrical Specifications V SU p PLY = +5V, A v = +1 , R l = 100Q, Unless Otherwise Specified (Continued) 


AC CHARACTERISTICS 


-3dB Bandwidth 
(V 0U t = 0.2V P .p, Notes 1,2) 



Gain Flatness 
(to 30MHz, Notes 1,2) 


Gain Flatness 

(to 50MHz, Notes 1,2) 


Gain Flatness 

(to 100MHz, Notes 1, 2) 


Linear Phase Deviation 
(to 100MHz, Note 2) 


2nd Harmonic Distortion 
(30MHz, V OUT = 2V P _p, Notes 1 , 2) 


3rd Harmonic Distortion 
(30MHz, V OU T = 2V P _p, Notes 1 , 2) 


2nd Harmonic Distortion 
(50MHz, V 0U T = 2V P _p, Notes 1 , 2) 


3rd Harmonic Distortion 
(50MHz, V OUT = 2V P .p, Notes 1 , 2) 


2nd Harmonic Distortion 
(100MHz, V 0U T = 2V P .p* Notes 1 , 2) 


3rd Harmonic Distortion 
(100MHz, V 0U t = 2V P . P Notes 1 , 2) 
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Specifications HFA 1113 


Electrical Specifications v s 


f = ±5V, A v = +1 , R|_ = 100Q, Unless Otherwise Specified (Continued) 



Overshoot A v 

(V 0U T = 0.5V Step, — 

Input t R /t F = 200ps, Notes 1 , 2, 3) v 

A v 


0.1% Settling (V 0U t = 2 V to 0V, Note 2) 


0.05% Settling (V 0UT = 2V to 0V) 


Differential Gain Ay 


Differential Phase A v = +1 , 3.58MHz, 

R L =150Q 

A v = +2, 3.58MHz, 
R L = 150ft 


OUTPUT LIMITING CHARACTERISTICS A v = +2, V H = +1 V, V L = -IV, Unless Otherwise Specified. 


Clamp Accuracy (V )N = ±1 .6V, A v = -1 , Note 2) 


Clamp Overshoot (V )N = ±1 V, Input t R /t F = 500ps) 


Overdrive Recovery Time (V )N = ±1V, Note 2) 


Negative Clamp Range 


Positive Clamp Range 


Clamp Input Bias Current (Note 2) 


Clamp Input Bandwidth (V H or V L = 100mV P _ P , Note 2) 




1 . This parameter is not tested. The limits are guaranteed 

2. See Typical Performance Curves for more information. 

3. Overshoot decreases as input transition times increase 


based on lab characterization, and reflect lot-to-lot variation. 


especially for A v = +1 . Please refer to Typical Performance ( 
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HFA1113 


Die Characteristics 

DIE DIMENSIONS: 

63 x 44 x 19 ± Imils 
1600pm x1130|im ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

WORST CASE CURRENT DENSITY: 

0.909x10 5 A/cm 2 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metallization Mask Layout 

HFA1113 


NC 



OUT 






HFA1113 


Application Information 

Closed Loop Gain Selection 

The HFA1113 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

This “buffer" operates in closed loop gains of -1 , +1 , or +2, and 
gain selection is accomplished via connections to the llnputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1, while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 

The table below summarizes these connections: 



CONNECTIONS | 

GAIN (A cl ) 

+INPUT 
(PIN 3) 

-INPUT 
(PIN 2) 

-1 

GND 

Input 

+1 

Input 

NC (Floating) 

+2 

Input 

GND 


point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 

R s and C L form a low pass network at the output, thus limit- 
ing system bandwidth well below the amplifier bandwidth of 
850MHz. By decreasing R s as CJncreases (as illustrated in 
the curves), the maximum bandwidth is obtained without 
sacrificing stability. Even so, bandwidth does decrease as 
you move to the right along the curve. For example, at 
A v = +1, R s = 50ft, C L = 30pF, the overall bandwidth is lim- 
ited to 300MHz, and bandwidth drops to 1 00MHz at A v = +1 , 
R s = 5Q, C L = 340pF. 


PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 

use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
chip (0.1 pF) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 

For unity gain applications, care must also be taken to 
minimize the capacitance to ground seen by the amplifier’s 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause 
excessive high frequency peaking and potentially other 
problems as well. 

An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 3. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly ter- 
minated transmission line will degrade the amplifier’s phase 
margin resulting in frequency response peaking and possi- 
ble oscillations. In most cases, the oscillation can be avoided 
by placing a resistor (R s ) in series with the output prior to the 
capacitance. 

Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the R s and C L combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 


0 40 80 120 160 200 240 280 320 360 400 

LOAD CAPACITANCE (pF) 

FIGURE 1. RECOMMENDED SERIES RESISTOR vs LOAD 
CAPACITANCE 

Evaluation Board 

The performance of the HFA1113 may be evaluated using 
the HFA11XX Evaluation Board, slightly modified as follows: 

1 . Remove the 500ft feedback resistor (R2), and leave the 
connection open. 

2. a. For A v = +1 evaluation, remove the 500ft gain setting 

resistor (R1), and leave pin 2 floating, 
b. For A v = +2, replace the 500ft gain setting resistor with 
a Oft resistor to GND. 

The modified schematic and layout of the board are shown 
in Figures 2 and 3. 

To order evaluation boards, please contact your local sales 
office. 


oo (A v s +1 ) 
or 0Q (A v = +2) 


0.1 |i Fiji i*110|xF 
1 l O +5V 


IOuF^O.IhF 


$5 


FIGURE 2. MODIFIED EVALUATION BOARD SCHEMATIC 
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FIGURE 3. EVALUATION BOARD LAYOUT 


Clamp Operation 


The HFA1113 features user programmable output clamps to 
limit output voltage excursions. Clamping action is obtained 
by applying voltages to the V H and V L terminals (pins 8 and 
5) of the amplifier. V H sets the upper output limit, while V L 
sets the lower clamp level. If the amplifier tries to drive the 
output above V H , or below V L , the clamp circuitry limits the 
output voltage at V H or V L (± the damp accuracy), respec- 
tively. The low input bias currents of the clamp pins allow 
them to be driven by simple resistive divider circuits, or 
active elements such as amplifiers or DACs. 

Clamp Circuitry 

Figure 4 shows a simplified schematic of the HFA1113 input 
stage, and the high clamp (V H ) circuitry. As with all current 
feedback amplifiers, there is a unity gain buffer (QX1 - QX2) 
between the positive and negative inputs. This buffer forces 
-IN to track +IN, and sets up a slewing current of: 

(V-IN - V OUt) /R F + V.| N /Rq 

This current is mirrored onto the high impedance node (Z) by 
QX3-QX4, where it is converted to a voltage and fed to the 
output via another unity gain buffer. If no clamping is utilized, 
the high impedance node may swing within the limits defined 
by QP4 and QN4. Note that when the output reaches it’s qui- 
escent value, the current flowing through -IN is reduced to 
only that small current (-Ibias) required to keep the output at 
the final voltage. 

Tracing the path from V H to Z illustrates the effect of the 
clamp voltage on the high impedance node. V H decreases 
by 2 V be (QN6 and QP6) to set up the base voltage on QP5. 


R g Rp = 300Q 

(INTERNAL) (INTERNAL) 


FIGURE 4. HFA1113 SIMPLIFIED V H CLAMP CIRCUITRY 

QP5 begins to conduct whenever the high impedance node 
reaches a voltage equal to QP5's base voltage + 2V BE (QP5 
and QN5). Thus, QP5 clamps node Z whenever Z reaches 
V H . R1 provides a pull-up network to ensure functionality 
with the clamp inputs floating. A similar description applies to 
the symmetrical low clamp circuitry controlled by V L . 

When the output is clamped, the negative input continues to 
source a slewing current (Iclamp) * n an attempt to force the 
output to the quiescent voltage defined by the input. QP5 must 
sink this current while clamping, because the -IN current is 
always mirrored onto the high impedance node. The clamping 
current is calculated as: 

•CLAMP = ( V -IN " V OUT CLAMPEdV 300 ^ + V.|n/Rq. 

As an example, a unity gain circuit with V IN = 2 V, and V H = 1 V, 
would have Iclamp = (2V - 1 V)/300Q + 2 V/~ = 3.33mA (R G = ~ 
because -IN is floated for unity gain applications). Note that l cc 
will increase by Iclamp when the output is clamp limited. 

Clamp Accuracy 

The clamped output voltage will not be exactly equal to the 
voltage applied to V H or V L . Offset errors, mostly due to Vbe 
mismatches, necessitate a clamp accuracy parameter which 
is found in the device specifications. Clamp accuracy is a 
function of the clamping conditions. Referring again to Figure 
4, it can be seen that one component of clamp accuracy is the 
V BE mismatch between the QX6 transistors, and the QX5 
transistors. If the transistors always ran at the same current 
level there would be no V BE mismatch, and no contribution to 
the inaccuracy. The QX6 transistors are biased at a constant 
current, but as described earlier, the current through QX5 is 
equivalent to Iclamp- v be increases as Iclamp increases, 
causing the clamped output voltage to increase as well. 
•clamp is a function of the overdrive level (A VCL x V JN - V 0 ut 
clamped)- so clamp accuracy degrades as the overdrive 
increases. As an example, the specified accuracy of ±100mV 
(A v = -1, V H = IV) for a 1.6X overdrive degrades to ±240mV 
for a 3X (200%) overdrive, as shown in Figure 43. 
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Consideration must also be given to the fact that the clamp 
voltages have an affect on amplifier linearity. The “Nonlinear- 
ity Near Clamp Voltage” curve, Figure 48, illustrates the 
impact of several clamp levels on linearity. 

Clamp Range 

Unlike some competitor devices, both V H and V L have usable 
ranges that cross OV. While V H must be more positive than 
V L , both may be positive or negative, within the range restric- 
tions indicated in the specifications. For example, the 
HFA11 13 could be limited to ECL output levels by setting V H = 
-0.8 V and V L = -1.8V. V H and V L may be connected to the 
same voltage (GND for instance) but the result won’t be in a 
DC output voltage from an AC input signal. A 150mV - 200mV 
AC signal will still be present at the output. 

Recovery from Overdrive 

The output voltage remains at the clamp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (V CLA mp/Avcl) amplifier will 


return to linear operation. A time delay, known as the Over- 
drive Recovery Time, is required for this resumption of linear 
operation. The plots of “Unclamped Performance” and 
“Clamped Performance” (Figures 41 and 42) highlight the 
HFA1113’s subnanosecond recovery time. The difference 
between the unclamped and clamped propagation delays is 
the overdrive recovery time. The appropriate propagation 
delays are 8.0ns for the unclamped pulse, and 8.8ns for the 
clamped (2X overdrive) pulse yielding an overdrive recovery 
time of 800ps. The measurement uses the 90% point of the 
output transition to ensure that linear operation has 
resumed. Note: The propagation delay illustrated is domi- 
nated by the fixturing. The delta shown is accurate, but the 
true HFA1113 propagation delay is 500ps. 

Overdrive recovery time is also a function of the overdrive 
level. Figure 47 details the overdrive recovery time for vari- 
ous clamp and overdrive levels. 


Typical Performance Curves v s 


= +5V, T a = +25°C, R l = 100ft, Unless Otherwise Specified 




5ns/DIV 

FIGURE 5. SMALL SIGNAL PULSE RESPONSE 


5ns/DIV 

FIGURE 6. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 7. SMALL SIGNAL PULSE RESPONSE 


FIGURE 8. LARGE SIGNAL PULSE RESPONSE 
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Typical Performance Curves V SUPPLY = ±5V, T a = +25°C, R l = 100Q, Unless Otherwise Specified (Continued) 




5ns/DIV 

FIGURE 9. SMALL SIGNAL PULSE RESPONSE 


5ns/DIV 

FIGURE 10. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 11. FREQUENCY RESPONSE 
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FIGURE 12. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 


■rnWHWWHHHfHHHHHHl^WnHWHI IIHI HnHHTiiWwMBP aS? yfkl 1 


IIBIIIIIII 

IIIIIIHIIIIIII 

iiiiimiiiiiii 

IIIIIIHIIIIIII 

iiiiimiiiiu 

IIIIIIHIIIIIII 
IIIIIIHIIIIIII 
IIIIIIHIIIIIII I 
IIIIIIHIIIIIII I 



Jliicailll 

■iu^ii 

iglLII 



, LU 


-360 a 

0.3 1 10 100 1000 

FREQUENCY (MHz) 

FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 
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DISTORTION (dBc) . DISTORTION (dBc) DISTORTION (dBc) 
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Typical Performance Curves V SUPPLY = ±5V, T a = +25°C, R l = 100Q, Unless Otherwise Specified (Continued) 



-6 -3 0 3 6 9 12 15 -6 -3 0 3 6 9 12 15 18 

OUTPUT POWER (dBm) OUTPUT POWER (dBm) 


FIGURE 27. 2nd HARMONIC DISTORTION vs P 0U t FIGURE 28. 3rd HARMONIC DISTORTION vs P 0U t 



OUTPUT POWER (dBm) OUTPUT POWER (dBm) 


FIGURE 29. 2nd HARMONIC DISTORTION vs P 0U t FIGURE 30. 3rd HARMONIC DISTORTION vs P 0 m 



OUTPUT POWER (dBm) OUTPUT POWER (dBm) 


FIGURE 31. 2nd HARMONIC DISTORTION vs P OU t FIGURE 32. 3rd HARMONIC DISTORTION vs P 0UT 
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SUPPLY CURRENT (mA) OVERSHOOT (%) PERCENT ERROR (%) 
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Typical Performance Curves v SU pp LY = ±sv, t a = + 25 °c, r l = iooq, unless otherwise specified (continued) 
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INPUT RISE TIME (ps) 
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100 300 


500 700 900 

INPUT RISE TIME (ps) 

FIGURE 34. OVERSHOOT vs INPUT RISE TIME 


1100 1300 
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FIGURE 35. OVERSHOOT vs INPUT RISE TIME 


FIGURE 36. OVERSHOOT vs INPUT RISE TIME 
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NOISE CURRENT (pA/VHz) 









CLAMP ACCURACY (mV) OVERDRIVE RECOVERY TIME (ps) CLAMP ACCURACY (mV) 
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Typical Performance Curves V SUPPLY = ±5V, T a = +25°C, R l = 100 Q, Unless Otherwise Specified (Continued) 




OVERDRIVE LEVEL (% OF CLAMP LEVEL) 


A V *V in (V) 


FIGURE 47. OVERDRIVE RECOVERY vs OVERDRIVE FIGURE 48. NON-LINEARITY NEAR CLAMP VOLTAGE 
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Features 

• Access to Summing Node Allows Circuit Customization 

• User Programmable For Closed-Loop Gains of +1 , -1 
or +2 Without Use of External Resistors 

• Wide -3dB Bandwidth 850MHz 

• Very Fast Slew Rate 2400 V/jis 

• Fast Settling Time (0.1%) 11ns 

• High Output Current 60mA 

• Excellent Gain Accuracy 0.99V/V 

• Overdrive Recovery <1 0ns 

• Standard Operational Amplifier Pinout 

Applications 

• RF/IF Processors 

• Driving Flash A/D Converters 

• High Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 


Description 

The HFA1114 is a closed loop Buffer featuring user program- 
mable gain and ultra high speed performance. Manufactured 
on Harris’ proprietary complementary bipolar UHF-1 pro- 
cess, the HFA1 1 14 offers a wide -3dB bandwidth of 850MHz, 
very fast slew rate, excellent gain flatness, low distortion and 
high output current. 

A unique feature of the pinout allows the user to select a 
voltage gain of +1,-1, or +2, without the use of any external 
components. Gain selection is accomplished via connec- 
tions to the inputs, as described in the “Application Informa- 
tion” section. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

Compatibility with existing op amp pinouts provides flexibility 
to upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path should a higher closed loop gain be needed at 
a future date. 

For applications requiring a standard buffer pinout, please 
refer to the HFA1110 datasheet. 


Ordering Information 

__ TEMPERATURE ” 

NUMBER RANGE PACKAGE 

HFA1114IP -40°C to +85°C 8 Lead Plastic DIP 

HFA1114IB -40°C to +85°C 8 Lead Plastic SOIC (N) 


Pin Descriptions 


PIN 

NUMBER 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 o i «o 


DESCRIPTION 


No Connection 


Inverting Input 


Non-Inverting Input 


Negative Supply 


Summing Node 


Output 


Positive Supply 


File Number 3151.2 





























Specifications HFA1114 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 12V Operating Temperature Range 

DC Input Voltage V SUPPLY HFA1 1 1 41 -40°C < T A < +85°C 

Differential Input Voltage 5V Storage Temperature -65°C < T A < +1 50°C 

Output Current 60mA Thermal Resistance (°C/W) 0 JA 

Junction Temperature (Die Only) +175°C Plastic DIP Package 130 

Junction Temperature (Plastic Package) +150°C SOIC Package 170 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in " Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SUPPLY = ±5V, A v = +1 , R L = loon, Unless Otherwise Specified 


I HFA1114I 

PARAMETER TEMP. 


INPUT CHARACTERISTICS 


Output Offset Voltage 


Output Offset Voltage Drift 


PSRR 


Input Noise Voltage (100kHz) 


Non-Inverting Input Noise Current (100kHz) 


Non-Inverting Input Bias Current 


Non-Inverting Input Resistance 


Inverting Input Resistance 


Input Capacitance (Either Input) 


Input Common Mode Range 


TRANSFER CHARACTERISTICS 


Supply Current 



Gain (A v = +1 , V IN = +2V) 

+25°C 

0.980 


Full 

0.975 

Gain (A v = +2, V IN = +1 V) 

+25°C 

1.96 


Full 

1.95 

DC Non-Linearity (A v = +2, ±2V Full Scale) 

+25°C 

- 

OUTPUT CHARACTERISTICS 

Output Voltage (A v = -1) 

+25°C 

±3.0 


Full 

±2.5 

Output Current (A v = -1 , R L = 50Q) 

+25°C, +85°C 

50 


-40°C 

35 

DC Closed Loop Output Impedance (A v = +2) 

+25°C 

- 

POWER SUPPLY CHARACTERISTICS 

Supply Voltage Range 1 

! Full ! 

1 ±4.5 j 
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Specifications HFA1114 


Electrical Specifications V SU p PLY = ±5V, A v = +T-, R|_ = 100ft, Unless Otherwise Specified (Continued) 


PARAMETER 


AC CHARACTERISTICS 


-3dB Bandwidth (V 0 ut - 0.2V P . P ) 



Full Power BW (5V P . P , A v = +2) 


Gain Flatness (to 30MHz, A v = +2) 


Gain Flatness (to 1 00MHz, A v = +2) 


2nd Harmonic Distortion (50MHz, V 0 ut = 2V P _ P ) 


3rd Harmonic Distortion (50MHz, V 0UT = 2V P _ P ) 


3rd Order Intercept (100MHz, A v = +2) 


IdB Compression (100MHz, A v = +2) 


Rise Time (V 0 ut = 0.5V Step) A v = 

A v = 


Overshoot (V 0UT = 0.5V Step, A v = +2) 


0.1% Settling (V 0U t = 2V to 0V) 


0.05% Settling (V 0U t = 2V to 0V) 


Overdrive Recovery Time 


Differential Gain 


Differential Phase 


A v = +1, 3.58MHz, 
R L = 150ft 

A^ = +2, 3.58MHz, 
R L = 150ft 


Av = +1, 3.58MHz, 
R l = 150ft 

Ay = +2,3 58MHz, 
R L = 150ft 
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Application information 

Closed Loop Gain Selection 

The HFA1114 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

This “buffer operates in closed loop gains of -1 , +1 , or +2, and 
gain selection is accomplished via connections to the ±inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1, while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 

The table below summarizes these connections: 


GAIN 

(Acl) 

CONNECTIONS 

+INPUT (PIN 3) 

-INPUT (PIN 2) 

-1 

GND 

Input 

+1 

Input 

NC (Floating) 

+2 

Input 

GND 


PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 

use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (10pF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the input 
and output of the device. Capacitance directly on the output must 
be minimized, or isolated as discussed in the next section. 

For unity gain applications, care must also be taken to minimize 
the capacitance to ground seen by the amplifier’s inverting 
input. At higher frequencies this capacitance will tend to short 
the -INPUT to GND, resulting in a closed loop gain which 
increases with frequency. This will cause excessive high 
frequency peaking and potentially other problems as well. 

An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 2. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s phase 
margin resulting in frequency response peaking and possible 


oscillations. In most cases, the oscillation can be avoided by plac- 
ing a resistor (R s ) in series with the output prior to the capacitance. 

Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the R s and Cl combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 

R s and C L form a low pass network at the output, thus lim- 
iting system bandwidth well below the amplifier bandwidth 
of 850MHz. By decreasing R s as CJncreases (as illus- 
trated in the curves), the maximum bandwidth is obtained 
without sacrificing stability. Even so, bandwidth does 
decrease as you move to the right along the curve. For 
example, at A v = +1, Rs = 50Q, C L = 30pF, the overall 
bandwidth is limited to 300MHz, and bandwidth drops to 
1 00MHz at A v = +1 , R s = 5fl, C L = 340pF. 



LOAD CAPACITANCE (pF) 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs. 
LOAD CAPACITANCE 

Evaluation Board 

The performance of the HFA1114 may be evaluated using 
the HFA11XX Evaluation Board, slightly modified as follows: 

1 . Remove the 500Q feedback resistor (R2), and leave the 
connection open. 

2. a. For A v = +1 evaluation, remove the 500Q gain setting 

resistor (R1), and leave pin 2 floating, 
b. For A v = +2, replace the 500Q gain setting resistor with 
a 0Q resistor to GND. 

3. Isolate Pin 5 from the stray board capacitance to minimize 
peaking and overshoot. 

The layout and modified schematic of the board are shown in 
Figure 2. 

To order evaluation boards, please contact your local sales office. 
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Die Characteristics 

DIE DIMENSIONS: 

63 x 44 x 1 9 ± 1 mils 
1 600^im x 1 1 30pm x 483pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 

2.12 xIO 5 A/cm 2 at 50mA 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 

HFA1114 


NC 



OUT 
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HFA1115 


July 1995 


High-Speed, Low Power, Output 
Limiting, Closed Loop Buffer Amplifier 


Features 

• User Programmable Output Voltage Limiting 

• High Input Impedance 1MQ 

• Differential Gain 0.02% 

• Differential Phase 0.03Deg. 

• Wide -3dB Bandwidth (A v = +2) 225MHz 

• Very Fast Slew Rate (A v = -1) . 1135V/|is 

• Low Supply Current 7.1mA 

• High Output Current 60mA 

• Excellent Gain Accuracy 0.99V/V 

• User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 

• Fast Overdrive Recovery <1 ns 

• Standard Operational Amplifier Pinout 


Applications 

• Flash A/D Drivers 

• Video Cable Drivers 


High Resolution Monitors 
Professional Video Processing 
Medical Imaging 

Video Digitizing Boards/Systems 
Battery Powered Communications 


Description 

The HFA1115 is a high speed closed loop Buffer featuring both 
user programmable gain and output limiting. Manufactured on 
Harris’ proprietary complementary bipolar UHF-1 process, the 
HFA1115 also offers a wide -3dB bandwidth of 225MHz, very 
fast slew rate, excellent gain flatness and high output current. 

This buffer is the ideal choice for high frequency applications 
requiring output limiting, especially those needing ultra fast 
overload recovery times. The limiting function allows the 
designer to set the maximum positive and negative output lev- 
els, thereby protecting later stages from damage or input satu- 
ration. The HFA1115 also allows for voltage gains of +2, +1, 
and -1 , without the use of external resistors. Gain selection is 
accomplished via connections to the inputs, as described in 
the “Application Information” text. The result is a more flexible 
product, fewer part types in inventory, and more efficient use 
of board space. 

Compatibility with existing op amp pinouts provides flexibility 
to upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path, should a higher closed loop gain be needed at 
a future date. For Military product, refer to the HFA1 11 5/883 
data sheet. 


Ordering Information 

__ TEMPERATURE — — — — — 

NUMBER RANGE PACKAGE 

HFA1115IP -40°C to +85°C 8 Lead Plastic DIP "" 

HFA1115IB -40°C to +85°C 8 Lead Plastic SOIC (N) 



Pinout 


HFA1115 
(PDIP, SOIC) 
TOP VIEW 


NC 9*0 & 


Pin Descriptions 


PIN NUMBER 


DESCRIPTION 


No Connection 


Inverting Input 


Non-Inverting Input 



Upper Output Limit 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1 995 . iC7 
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Specifications HFA1115 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 11V Operating Temperature Range -40°C < T A < +85°C 

DC Input Voltage ^supply Storage Temperature Range -65°C < T A £ +1 50°C 

Output Current (Note 1) Short Circuit Protected Thermal Package Characteristics (°CA N) 0 JA 

Junction Temperature (Die Only) +175°C Plastic DIP 130 

Junction Temperature (Plastic Package) +150°C SOIC 170 

ESD Rating TBD 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “ Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SUPPLY = ±5V, A v = +1, R L = 100C2, Unless Otherwise Specified 



INPUT CHARACTERISTICS 


Output Offset Voltage 


Average Output Offset Voltage Drift 


Common-Mode Rejection Ratio 


Power Supply Rejection Ratio 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Resistance 


AV cm = ±1.8V 
AV cm = ±1.8V 
AV cm = ±1.2V 


AV PS = ±1 .8V 
AV PS = ±1.8V 
AVpe = ±1 .2V 


AV r .M = ±1-8V 


AV cm = ±1.2V 


Inverting Input Resistance 


Input Capacitance (Either Input) 


Input Voltage Common Mode Range 
(Implied by V (0 CMRR and +R, N Tests) 


Input Noise Voltage Density (f = 100kHz) 


Non-Inverting Input Noise Current Density (f * 100kHz) 


TRANSFER CHARACTERISTICS 


(NOTE 2) 

TEST 

LEVEL 














































































































































Specifications HFA1115 


Electrical Specifications V SU p PLY = ±5V, A v = +1 , R L = 1 00Q, Unless Otherwise Specified (Continued) 


(NOTE 2) ALL GRADES 


PARAMETER 


AC CHARACTERISTICS 


-3dB Bandwidth 
( v OUT = 0.2V P .p) 


Full Power Bandwidth 
(Vqut = 5Vp.p at A Y = +2/-1 , 
4Vp.p at Ay — +1) 


Gain Flatness 
(to 25MHz, V 0UT = 0.2Vp. P ) 


Gain Flatness 

(to 50MHz, Vqut = 0.2V P . P ) 


(NOTE 2) 

TEST 

LEVEL 


+R S = 620Q 
Ay as +2 


Ay = -1 

Ay = + 1 , 
+R S = 620Q 


A v = +1, 
+R S = 620D 


Ay = + 1 , 
+R S = 620Q 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
(Ay = -1) 


Output Current 
(A v = -1, R l = 50£2) 


Output Short Circuit Current 


DC Closed Loop Output Impedance (A v = +2) 


Second Harmonic Distortion 10MHz 

(A v = +2, V 0UT = 2Vp.p) 


Third Harmonic Distortion 1 0MHz 

(A v = +2, V 0UT = 2Vp. P ) 


TRANSIENT RESPONSE A v = +2, Unless Otherwise Specified 


Rise and Fall Times Rise Time 

(Vqut = 0.5Vp_ P ) 


Overshoot 

(Vqut = 0.5V P .p, V !N t Rf sE = 2.5ns) 


Slew Rate 

( v out = 5Vp.p, A v = -1) 


Slew Rate 

(Vout — 4Vp_p, Ay = +1 , +R§ = 620Q) 


Slew Rate 

( v out = 5V p-p. A v = +2) 


Settling Time 

(Vqut = +2V to 0V step) 


Fall Time 


+OS 

_ 


+SR 
~ -SR 


+SR 

— 


+SR 

~SR 


To 0.1% 
To 0.05% 
To 0.02% 


dB 


dB 




% 


% 
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Specifications HFA1115 


Electrical Specifications V supply = ±5V, A v = +1 , R l = 1 00Q, Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE 2) 

TEST 

LEVEL 

TEMP 

ALL GRADES 

UNITS 

MIN 

TYP 

MAX 

VIDEO CHARACTERISTICS 

Differential Gain (f = 3.58MHz, A v = +2, R L = 1500) 

B 

+25°C 

- 

0.02 

- 

% 

Differential Phase (f = 3.58MHz, A v = +2, R L = 1500) 

B 

+25°C 

- 

0.03 

- 

Degrees 

POWER SUPPLY CHARACTERISTICS 

Power Supply Range 

C 

+25°C 

mm 

- 

5.5 

±V 

Power Supply Current 

A 

+25°C 

6.6 

6.9 

7.1 

mA 

A 

Full 

- 

7.1 

mm 

mA 

Non-Inverting Input Bias Current Power Supply Sensitivity 
(AV PS = ±1 .25V) 

A 

+25°C 

- 

0.5 

i 

pAA/ 

A 

Full 

- 

- 

3 

pAA/ 

OUTPUT LIMITING CHARACTERISTICS A v = +2, V H = +1V, V L = -IV, Unless Otherwise Specified 

Clamp Accuracy (V )N = ±1 .6V, A v = -1) 

A 

Full 

-125 

-70 

125 

mV 

Overdrive Recovery Time (V )N = ±1V) 

B 

+25°C 

- 

0.8 

- 

ns 

Negative Clamp Range 

B 

+25°C 

-5.0 to +2.0 

V 

Positive Clamp Range 

B 

+25°C 

-2.0 to +5.0 

V 

Clamp Input Bias Current 

A 

Full 

- 

85 

200 

pA 

Clamp Input Bandwidth 

C 

+25°C 

• 

100 

- 

MHz 


NOTES: 

1 . Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 30mA for maximum reliability. 

2. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only. 
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HFA1115 


Die Characteristics 

DIE DIMENSIONS: 

59 x 58.2 x 19 ± Imils 
1500pm x 1480pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

TRANSISTOR COUNT: 89 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 








2-171 


OPERATIONAL 

AMPLIFIERS 







HFA1115 


Application Information 

Closed Loop Gain Selection 

The HFA1115 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

This “buffer* operates in closed loop gains of -1, +1, or -4-2, and 
gain selection is accomplished via connections to the tinputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1 (see next section for layout caveats), while grounding -IN 
selects a gain of +2. A gain of -1 is obtained by applying the 
input signal to -IN with +IN grounded. 


The table below summarizes these connections: 


GAIN 

CONNECTIONS | 

(Acl) 

+INPUT (PIN 3) 

-INPUT (PIN 2) 

-1 

GND 

Input 

+1 

Input 

NC (Floating) 

+2 

Input 

GND 


Unity Gain Considerations 


Unity gain selection is accomplished by floating the -Input of 
the HFA1115. Anything that tends to short the -Input to GND, 
such as stray capacitance at high frequencies, will cause the 
amplifier gain to increase toward a gain of +2. The result is 
excessive high frequency peaking, and possible instability. 
Even the minimal amount of capacitance associated with 
attaching the -Input lead to the PCB .-results in approximately 
3dB of gain peaking. At a minimum this requires due care to 
ensure the minimum capacitance at the -Input connection. 

Table 1 lists five alternate methods for configuring the 
HFA1115 as a unity gain buffer, and the corresponding 
performance. The implementations vary in complexity and 
involve performance trade-offs. The easiest approach to 
implement is simply shorting the two input pins together, and 
applying the input signal to this common node. The amplifier 
bandwidth drops from 400MHz to 200MHz, but excellent 
gain flatness is the benefit. Another drawback to this 
approach is that the amplifier input noise voltage and input 
offset voltage terms see a gain of +2, resulting in higher 
noise and output offset voltages. Alternately, a lOOpF 
capacitor between the inputs shorts them only at high 
frequencies, which prevents the increased output offset 
voltage but delivers less gain flatness. 


Another straightforward approach is to add a 62012 resistor 
in series with the positive input. This resistor and the 
HFA111 5 input capacitance form a low pass filter which rolls 
off the signal bandwidth before gain peaking occurs. This 
configuration was employed to obtain the datasheet AC and 
transient parameters for a gain of +1 . 

PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 

use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (1 OpiF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 

For unity gain applications, care must also be taken to 
minimize the capacitance to ground seen by the amplifier’s 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause 
excessive high frequency peaking and potentially other 
problems as well. 

An example of a good high frequency layout is the 
Evaluation Board shown in Figure 1. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (R s ) in series with the output 
prior to the capacitance. 

R s and Cl form a low pass network at the output, thus limit- 
ing system bandwidth well below the amplifier bandwidth of 
225MHz. By decreasing R s as C L increases the maximum 
bandwidth is obtained without sacrificing stability. 


TABLE 1. UNITY GAIN PERFORMANCE FOR VARIOUS IMPLEMENTATIONS 


APPROACH 

PEAKING (dB) 

BW (MHz) 

+SR/-SR (V/ps) 

±0.1 dB GAIN FLATNESS 
(MHz) 

Remove Pin 2 

2.5 

400 

1200/850 

20 

+R S * 6200 

0.6 

170 

1125/800 

25 

+R S = 6200 and Remove Pin 2 

0 

165 

1050/775 

65 

Short Pins 2, 3 

0 

200 

875/550 

45 

lOOpF cap. between pins 2, 3 

0.2 

190 

900/550 

19 






























HFA1115 


Evaluation Board 

The performance of the HFA1115 may be evaluated using The layout and modified schematic of the board are shown 
the HFA11XX Evaluation Board, slightly modified as follows: in Figure 1 . 

1 . Remove the 500Q feedback resistor (R2), and leave the jo order evaluation boards, please contact your local sales 

connection open. office. 

2. a. For A v = +1 evaluation, remove the 500Q gain setting 

resistor (R1), and leave pin 2 floating, 
b. For A v = +2, replace the 500 Q gain setting resistor with 
a 0Q resistor to GND. 


TOP LAYOUT BOTTOM LAYOUT 



FIGURE 1. EVALUATION BOARD SCHEMATIC AND LAYOUT 
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(D Harris HFA1118, HFA1119 

SEMICONDUCTOR ■ " " B * * * M m M M ■ > ■ ■ W 

ADVANCE INFORMATION Programmable Gain Video Buffers with Output 
June 1995 Limiting and Output Disable 


Features 

• User Programmable For Closed Loop Gains of ±1, or 
+2 Without Use of External Resistors 

• User Programmable Output Limiting (HFA1119) 

• Standard Operational Amplifier Pinout 


• Excellent Gain Accuracy ±0.5% 

• Wide -3dB Bandwidth (A v » +2) 500MHz 

• Gain Flatness (to 250MHz) . . ±0.5dB 

• Very Fast Slew Rate (A v = +2) 1200V/^is 

• Differential Gain/Phase 0.02%/ 0.02 Deg 

• Fast Output Enable/Disable 10ns 


Applications 

• Flash A/D Drivers 

• Video Cable Drivers 

• Professional Video Processing 

• Medical Imaging 

• PC Multimedia Systems 

• Video Pixel Switching 

• Oscilloscopes and Analyzers 


Description 

The HFA1118, and HFA1119 are high speed, low power, closed 
loop buffers built with Harris’ proprietary complementary bipolar 
UHF-1 process. Both buffers allow for selection of voltage gains 
of +2 and ±1 , without the use of external gain setting resis- 
tors. 

The HFA1119 is the ideal choice for high frequency applica- 
tions requiring output limiting, especially those needing ultra 
fast overload recovery times. For added flexibility, the 
HFA1119 also features an active low, TTL/CMOS compatible 
disable input, which when activated forces the output to a high 
impedance state, and reduces supply current. 

The HFA1118 features a TTL/CMOS compatible output dis- 
able pin which is user programmable for polarity (active high 
or low). This feature eliminates the inverter required 
between amplifiers in multiplexer configurations. The ultra- 
fast (10ns) enable and disable times make the HFA1118 and 
HFA1119 the obvious choices for pixel switching and other 
high speed multiplexing applications. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1118IP, HFA1119IP 

-40°C to +85°C 

8 Lead Plastic DIP 

HFA1118IB, HFA1119IB 

-40°C to +85°C 

8 Lead Plastic SOIC (N) 


Pinouts 


HFA1118 
(PDIP, SOIC) 
TOP VIEW 



HFA1119 
(PDIP, SOIC) 
TOP VIEW 



HFA1118 PIN DESCRIPTIONS 


PIN NAME 

DESCRIPTION 

Opt. Gnd 

Optional GND. Maintains Disable Pin TTL Compat- 
ibility with Asymmetrical Supplies (e.g. +10V, 0V) 

Polarity Set 

Defines Polarity of Disable Input. High or Floating 
Selects Active Low Disable (i.e. DIS). 

DIS/DIS 

TTL Compatible Disable Input. Output is Driven 
to a True Hi-Z State When Active. Polarity de- 
pends on state of Polarity Set Pin. 


HFA1118 DISABLE FUNCTIONALITY 


POLARITY SET (PIN 5) 

DISABLE (PIN 8) 

OUTPUT (PIN 6) 

High or Float 

High or Float 

Enabled 

High or Float 

Low 

Disabled 

Low 

High or Float 

Disabled 

Low 

Low 

Enabled 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pjj e Number 4020 

Copyright © Harris Corporation 1995 
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SEMICONDUCTOR 


HFA1135 


July 1995 


High-Speed, Low Power, Video Operational 
Amplifier with Output Limiting 


Features 

• User Programmable Output Voltage Limiting 

• Fast Overdrive Recovery <1 ns 

• Low Supply Current 6.8mA 

• High Input Impedance 2MQ 

• Wide -3dB Bandwidth 360MHz 

• Very Fast Slew Rate 1200 V/jis 

• Gain Flatness (to 50MHz) ±0.07dB 

• Differential Gain 0.02% 

• Differential Phase 0.04 Deg. 

• Pin Compatible Upgrade to CLC501 and CLC502 

Applications 

• Flash A/D Drivers 

• High Resolution Monitors 

• Professional Video Processing 

• Video Digitizing Boards/Systems 

• Multimedia Systems 

• RGB Preamps 

• Medical Imaging 

• Hand Held and Miniaturized RF Equipment 

• Battery Powered Communications 


Description 

The HFA1135 is a high speed, low power current feedback 
amplifier build with Harris’ proprietary complementary bipo- 
lar UHF-1 process. This amplifier features user programma- 
ble output limiting, via the V H and V L pins. 

The HFA1135 is the ideal choice for high speed, low power 
applications requiring output limiting (e.g. flash A/D drivers), 
especially those requiring fast overdrive recovery times. The 
limiting function allows the designer to set the maximum and 
minimum output levels to protect downstream stages from 
damage or input saturation. The sub-nanosecond overdrive 
recovery time ensures a quick return to linear operation fol- 
lowing an overdrive condition. 

Component and composite video systems also benefit from 
this operational amplifier’s performance, as indicated by the 
gain flatness, and differential gain and phase specifications. 

The H FA 11 35 is a low power, high performance upgrade for 
the CLC501 and CLC502. 

Ordering information 

PART TEMPERATURE T 

NUMBER RANGE PACKAGE 

HFA1 1 35IP -40°C to +85°C 8 Lead Plastic DIP 

HFA1 135IB -40°C to +85°C 8 Lead Plastic SOIC (N) 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 0 i7K 
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Specifications H FA 11 35 


Absolute Maximum Ratings Operating Conditions 

Voltage Between V+ and V- 11V Operating Temperature Range -40°C < T A < +85°C 

DC Input Voltage v supply Storage Temperature Range -65°C < T A £ +1 50°C 

Differential Input Voltage 8V Package Thermal Characteristics 9 ja 

Output Current (Note 2) Short Circuit Protected Plastic DIP 130°C/W 

30mA Continuous SOIC 170°C/W 

60mA < 50% Duty Cycle 

Junction Temperature (Die Only) +175°C 

Junction Temperature (Plastic Package) +150°C 

ESD Rating >2000V 

Lead Temperature (Soldering 10s) +300°C 

(SOIC -Lead Tips Only) 

CAUTION: Stresses above those listed in " Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SU p PLY = ±5V, A v = +1 , R f = 51 on (Note 3), R l = 1 oon, Unless Otherwise Specified 


ALL GRADES 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Average Input Offset Voltage Drift 


(NOTE1) 

TEST 

LEVEL 


Input Offset Voltage 

Common-Mode Rejection Ratio 

AV cm = ±1.8V 

AV cm = ±1.8V 


AV cm = ±1.2V 

Input Offset Voltage 

Power Supply Rejection Ratio 

AV PS =±1.8V 

AV PS = ±1.8V 


AV PS =±1.2V 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Bias Current 

AVp S as ±1 .8V 

Power Supply Sensitivity 

AV PS = ±1 .8V 


AV PS = ±1 ,2V 

Non-Inverting Input Resistance 

AV C m = ±18V 


AV cm = ±1 .8V | 


AV CM = ±1.2V 

Inverting Input Bias Current 

Inverting Input Bias Current Drift 

Inverting Input Bias Current 
Common-Mode Sensitivity 

AV cm = ±1.8V 

AVcm — ±1 .8V 


AV cm = ±1.2V 

Inverting Input Bias Current 

AV PS =±1.8V 

Power Supply Sensitivity 

AV PS = ±1.8V 


AV PS = ±1.2V 
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Specifications HFA1135 


Electrical Specifications V SU p PLY = ±5V, A v = +1 , R f = 51 Oft (Note 3), R l = 100ft, Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE1) 

TEST 

LEVEL 

TEMP 

ALL GRADES 

UNITS 

MiN 

TYP 

MAX 

Inverting Input Resistance 

C 

+25°C 

- 

40 

- 

ft 

Input Capacitance (Either Input) 

C 

+25°C 

- 

1.6 

- 

PF 

Input Voltage Common Mode Range 

(Implied by V )0 CMRR, +R )N , and -l B | AS CMS tests) 

A 

+25°C, +85°C 

±1.8 

±2.4 

- 

V 

A 

-40°C 

±1.2 

±1.7 

- 

V 

Input Noise Voltage Density (f = 100kHz) 

B 

+25°C 

- 

3.5 

- 

nVA/Hz 

Non-Inverting Input Noise Current Density (f = 100kHz) 

B 

+25°C 

- 

2.5 

- 

pA/VHz 

Inverting Input Noise Current Density (f = 100kHz) 

B 

+25°C 

- 

20 

- 

pAA/Hz 

TRANSFER CHARACTERISTICS 

Open Loop Transimpedance Gain (A v = -1) 

C 

+25°C 

- 

500 

- 

kft 

A.C. CHARACTERISTICS A v = +2, R F = 250ft, Unless Otherwise Specified 

-3dB Bandwidth (V 0U t = 0.2V P . P ) A v = +1 , R F = 1 .5kft 

B 

+25°C 

- 

660 

- 

MHz 

A v = +2, R f = 250ft 

B 

+25°C 

- 

360 

- 

MHz 

Ay = +2, R F = 330ft 

B 

+25°C 

- 

315 

- 

MHz 

A v = -1 , R F = 330ft 

B 

+25°C 

- 

290 

- 

MHz 

Full Power Bandwidth A v = +1 , R F = 1 .5kft 

B 

+25°C 

- 

90 

- 

MHz 

(vni it - oVp.p ax Aw — +dj-\ , " - — — 

4 V P %A v = + 1 ) A v = + 2,R F = 250n 

B 

+25°C 

- 

130 

- 

MHz 

A v = -1,R f = 330ft 

B 

+25°C 

- 

170 

- 

MHz 

Gain Flatness A v = +1 , R F = 1 .5kft 

B 

+25°C 

- 

±0.10 

■ 

dB 

(tO 2oMMZ,Vr\ijT — 0.2Vp.p) 

V OUT PP ' A v = +2, R F = 250ft 

B 

+25°C 

- 

±0.02 

- 

dB 

Ay = +2, R f = 330ft 

B 

+25°C 

- 

±0.02 

- 

dB 

Gain Flatness A v = +1 , R F = 1 .5kft 

B 

+25°C 

- 

±0.22 

- 

dB 

(IO OUMMZ.Voi IT — U.iiVp.pJ 

UUI A v = +2, R F = 250ft 

B 

+25°C 

- 

±0.07 

- 

dB 

A v = +2, R f = 330ft 

B 

+25°C 

- 

±0.03 

• 

dB 

Minimum Stable Gain 

A 

Full 

- 

1 

- 

V/V 


OUTPUT CHARACTERISTICS R F = 510ft, Unless Otherwise Specified 


Output Voltage Swing (A v = -1, R L = 100ft) 


Output Current (A v = -1 , R L = 50ft) 


Output Short Circuit Current 


DC Closed Loop Output Impedance (A v = +2, R F = 250ft) 


Second Harmonic Distortion 10MHz 

(A V = +2, R f = 250ft, V 0UT = 2V P .p) — — 



+25°C 


Full 


+25°C, +85°C 


-40°C 


+25°C 


+25°C 


Third Harmonic Distortion 

(Ay = +2, R f = 250ft, Vqut = 2Vp.p) 


B 

+25°C 

B 

+25°C 

B 

+25°C 



20MHz 


B 


-45 


dBc 


























































































































































Specifications HFA1135 


Electrical Specifications V SU pp L y = ±5V, A v = +1 , R F = 51 OQ (Note 3), R l = 100Q, Unless Otherwise Specified (Continued) 


ALL GRADES 


(NOTE1) 

TEST 

PARAMETER LEVEL 


TRANSIENT CHARACTERISTICS A v = +2, R F = 250Q, Unless Otherwise Specified 


Rise and Fall Times Rise Time 

(V 0UT = 0.5Vp_p) ~FaIn^rne 


Overshoot (Note 4) +OS 

( v OUT = 0 to 0.5V, V , N t R)SE = 2.5ns) 


Overshoot (Note 4) +OS 

( v OUT = 0.5V P .p f V, N t R | SE = 2.5ns) 


Slew Rate +SR 

(Vqut = ^Vp.p, A v = +1 , R F = 1 .5kQ) — — 

•SR 


Slew Rate +SR 

(V 0UT = 5V P .p, A v = +2, R f = 250Q) — 

-SR 


Slew Rate +SR 

(Vqut = 5Vp.p, Av = -1 , Rf = 330Q) 


Settling Time To 0. 1 % 

ou K To 0.05% 

To 0.02% 


VIDEO CHARACTERISTICS A v = +2, R F = 250Q, Unless Otherwise Specified 


B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 


Differential Gain (f = 3.58MHz) R L = 1 50Q 

B 

+25°C 

R l = 75Q 

B 

+25°C 

Differential Phase (f = 3.58MHz) R L = 1 50Q 

B 

+25°C 

R l = 75Q 

B 

+25°C 


OUTPUT LIMITING CHARACTERISTICS A v = +2, R F = 250Q, V H = +1 V, V L = -1 V, Unless Otherwise Specified 


Clamp Accuracy (V !N - ±2V, A v = -1 , Rf = 51 0Q) 


Overdrive Recovery Time (V )N = ±1 V) 


Negative Clamp Range 


Positive Clamp Range 


Clamp Input Bias Current 


POWER SUPPLY CHARACTERISTICS 


Power Supply Range 


Power Supply Current 


1. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only. 

2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 

3. The optimum feedback resistor for the HFA1 135 at A v = +1 is 1 .5kQ. The Production Tested parameters are tested with R F = 51 0Q 
because the HFA1 135 shares test hardware with the HFAl 105 amplifier. 

4. Undershoot dominates for output signal swings below GND (e.g. 0.5V P . P ), yielding a higher overshoot limit compared to the 
Vqut = 0 V to 0.5V condition. 


A 

Full 

B 

+25°C 

B 

+25°C 

B 

+25°C 

A 

+25°C 

A 

Full 


C 

+25°C 
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Die Characteristics 


DIE DIMENSIONS: 

59 x 58.2 x 19 ± Imils 
1500|im x 1480pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1: AICu(2%)/TiW 


Type: Metal 2: AICu(2%) 


Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

TRANSISTOR COUNT: 89 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 
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SEMICONDUCTOR 


HFA1145 


July 1995 


High-Speed, Low Power, Current Feedback Video 
Operational Amplifier with Output Disable 


Features 

• Low Supply Current 5.8mA 

• High Input Impedance 1MQ 

• Wide -3dB Bandwidth 330MHz 

• Very Fast Slew Rate lOOOV/ps 

• Gain Flatness (to 75MHz) ±0.1 dB 

• Differential Gain 0.02% 

• Differential Phase 0.03Degrees 

• Output Enable/Disable Time 180ns/35ns 

• Pin Compatible Upgrade for CLC410 

Applications 

• Flash A/D Drivers 

• Video Switching and Routing 

• Professional Video Processing 

• Video Digitizing Boards/Systems 

• Multimedia Systems 

• RGB Preamps 

• Medical Imaging 

• Hand Held and Miniaturized RF Equipment 

• Battery Powered Communications 


Description 

The HFA1145 is a high speed, low power current feedback 
amplifier built with Harris’ proprietary complementary bipolar 
UHF-1 process. 

This amplifier features a TTL/CMOS compatible disable con- 
trol, pin 8, which when pulled low reduces the supply current 
and forces the output into a high impedance state. This 
allows easy implementation of simple, low power video 
switching and routing systems. Component and composite 
video systems also benefit from this op amp’s excellent gain 
flatness, and good differential gain and phase specifications. 

Multiplexed A/D applications will also find the HFA1145 use- 
ful as the A/D driver/multiplexer. 

The HFA1145 is a low power, high performance upgrade for 
the CLC410. 

For Military grade product, please refer to the HFA1 145/883 
datasheet. 


Ordering Information 

__ TEMPERATURE — 

NUMBER RANGE PACKAGE 

HFA1145IP -40°C to +85°C 8 Lead Plastic DIP 

HFA1145IB -40°C to +85°C 8 Lead Plastic SOIC (N) 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 0 i Qn 


File Number 3955.1 






Specifications HFA1145 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 11V Operating Temperature Range -40°C < T A < +85°C 

DC Input Voltage Vsupply Storage Temperature Range -65°C < T A < +1 50°C 

Differential Input Voltage 8V Thermal Package Characteristics (°C/W) 0 JA 

Output Current (Note 2) Short Circuit Protected Plastic DIP Package 130 

30mA Continuous SOIC Package 170 

60mA < 50% Duty Cycle 

Junction Temperature (Die Only) +175°C 

Junction Temperature (Plastic Package) +150°C 

ESD Rating >2000V 

Lead Temperature (Soldering, 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SUPPLY = ±5V, A v = +1, R f = 51 OQ. R l = loon, Unless Otherwise Specified 


(NOTE1) ALL GRADES 

TEST . 1 

LEVEL TEMPERATURE MIN TYP MAX UNITS 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Average Input Offset Voltage Drift 


Input Offset Voltage 
Common-Mode Rejection Ratio 


Input Offset Voltage 
Power Supply Rejection Ratio 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Bias Current 
Power Supply Sensitivity 


Non-Inverting Input Resistance 


Inverting Input Bias Current 


Inverting Input Bias Current Drift 


AVcm = ±1.8V 
AV cm = ±1.8V 
AV cm = ±1.2V 


AV ps =±1.8V 
AV PS = ±1 .8V 
AV PS = ±1-2V 


AV PS = ±1 .8V 
AV PS = ±1 .8V 
AV PS =±1.2V 


AV cm = ±1.8V 
AV cm = ±1.8V 
AV cm = ±1.2V 



200 nA/°C 


Inverting Input Bias Current 
Common-Mode Sensitivity 

AV CM =±1.8V 

A 

+25°C 

* 

3 

6 

UA/V 

AV cm = ±1.8V 

A 

+85°C 

- 

4 

8 

pA/V 


AV cm = ±1.2V 

A 

-40°C 

- 

4 

8 

pA/V 
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Specifications HFA1145 


Electrical Specifications V SU pp LY = ±5V, Ay = +1 , Rf = 510£2, R l = 100Q, Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE1) 

TEST 

LEVEL 

TEMPERATURE 

ALL GRADES 

UNITS 

MIN 

TYP 

MAX 

Inverting Input Bias Current AV PS = ±1 .8V 

A 

+25°C 

- 

2 

5 

pA/V 

AV PS = ±1.8V 

A 

+85°C 

- 

4 

8 

pA/V 

AVp S = ±1 .2V 

A 

-40°C 

- 

4 

8 

pA/V 

Inverting Input Resistance 

C 

+25°C 

- 

60 

- 

Q 

Input Capacitance (either input) 

C 

+25°C 

- 

1.6 

* 

PF 

Input Voltage Common Mode Range 

(Implied by V !0 CMRR, +R !N , and -Ibias CMS tests) 

A 

+25°C, +85°C 

±1.8 

±2.4 

- 

V 

A 

-40°C 

±1.2 

±1 .7 

- 

V 

Input Noise Voltage Density (f = 100kHz, Note 5) 

B 

+25°C 

- 

3.5 

- 

nV/VHz 

Non-Inverting Input Noise Current Density (f = 100kHz, Note 5) 

B 

+25°C 

- 

2.5 

- 

pA/VFiz 

Inverting Input Noise Current Density (f = 100kHz, Note 5) 

B 

+25°C 

- 

20 

- 

pAA/Hz 


TRANSFER CHARACTERISTICS 


Open Loop Transimpedance Gain (A v = -1) 

C 

+25°C 

- 

500 

- 

kQ 

AC CHARACTERISTICS R F = 51 0Q, Unless Otherwise Specified 

-3dB Bandwidth A v = +1 , +R S = 51 Oft 

(V 0UT = 0.2Vp. P) Note 5) 

B 

+25°C 

- 

270 

- 

MHz 

B 

Full 

- 

240 

- 

MHz 

Ay = -1 , R P = 425ft 

B 

+25°C 

- 

300 

- 

MHz 

Ay = +2 

B 

+25°C 

- 

330 

- 

MHz 

B 

Full 

- 

260 

- 

MHz 

A v = +10, R F = 180ft 

B 

+25°C 

- 

130 

- 

MHz 

B 

Full 

- 

90 

- 

MHz 

Full Power Bandwidth A v = +1 , +R S = 51 Oft 

B 

+25°C 

- 

135 

- 

MHz 

4Vp.p at Ay = +1 , Note 5) Ay — -1 

B 

+25°C 

- 

140 

- 

MHz 

> 

< 

ii 

+ 

ro 

B 

+25°C 

- 

115 

- 

MHz 

Gain Flatness to 25MHz 

(Ay = +2, Vqut = 0.2V p.p, Note 5) 

B 

+25°C 

- 

±0.03 

- 

dB 

B 

Full 

- 

±0.04 

- 

dB 

to 75MHz 

B 

+25°C 

- 

±0.11 

- 

dB 

B 

Full 

- 

±0.22 

- 

dB 

Gain Flatness to 25MHz 

(j/\ v - c| |R & _5 ioq Y- UT _QOYpp 

B 

+25°C 

- 

±0.03 

- 

dB 

Note 5) to 75MHz 

B 

+25°C 

- 

±0.09 


dB 

Minimum Stable gain 

A 

Full 

- 

1 

- 

V/V 

































































































































Specifications HFA1145 
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Electrical Specifications V SUPPLY = ±5V, A v = +1, Rp = 510a R l = 100a Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE1) 

TEST 

LEVEL 

TEMPERATURE 

ALL GRADES 

UNITS 

MIN 

TYP 

MAX 

OUTPUT CHARACTERISTICS A v = +2, R P = 51 OQ, Unless Otherwise Specified 

Output Voltage Swing 
(A v = -1, R L = 100Q, Note 5) 

A 

+25°C 

±3 

±3.4 

- 

V 

A 

Full 

±2.8 

±3 

- 

V 

Output Current (A v = -1 , R L = 50Q, Note 5) 

A 

+25°C, +85°C 

50 

60 

- 

mA 

A 

-40°C 

28 

42 

- 

mA 

Output Short Circuit Current 

B 

+25°C 

- 

90 

- 

mA 

DC Closed Loop Output Impedance (Note 5) 

B 

+25°C 

- 

0.08 

- 

Q 

Second Harmonic Distortion 10MHz 

A/ 9\/ Nnto m 

B 

+25°C 

- 

-48 

- 

dBc 

V v OUT ^v P . P , iNUie O) 

20MHz 

B 

+25°C 

- 

-44 

- 

dBc 

Third Harmonic Distortion 10MHz 

- 9\/r, „ Mnto m 

B 

+25°C 

- 

-50 

- 

dBc 

20MHz 

B 

+25°C 

- 

-45 

- 

dBc 

Reverse Isolation (30MHz, Note 5) 

B 

+25°C 

- 

-55 

- 

dB 

TRANSIENT CHARACTERISTICS A v = +2, R F = 51 Oft, Unless Otherwise Specified 

Rise and Fall Times (Vout = 0.5V P . P ) 

B 

+25°C 

- 

1.1 

- 

ns 

B 

Full 

- 

1.4 

- 

ns 

Overshoot (Note 3) +OS 

A/«. - n tn fl RV v/,.. t„,„, 1 nc\ 

B 

+25°C 

- 

3 

- 

% 

v v OUT u u - ov > V IN ‘RISE mi> / 

-OS 

B 

+25°C 


5 

- 

% 

Overshoot (Note 3) +OS 

B 

+25°C 


3 

- 

% 

v v OUT uov P-P> V|N irise i,,5 V 

-OS 

B 

+25°C 


11 

- 

% 

Slew Rate +SR 

(Vqut = 4V P . P) A v = +1 , +R S = 51 OQ) 

B 

+25°C 


1000 

- 

V/|is 

B 

Full 


975 

- 

V/(is 

-SR (Note 4) 

B 

+25°C 


650 

- 

V/ps 

B 

Full 


580 

- 

V/ps 

Slew Rate +SR 

( v out = SVp.p, A v = +2) 

B 

+25°C 


1400 

- 

V/ps 

B 

Full 


1200 

- 

V/ps 

-SR (Note 4) 

B 

+25°C 


800 

- 

V/ps 

B 

Full 


700 

• 

V/ps 

Slew Rate +SR 

( V OUT = 5 V p-p> A v = -1) 

B 

+25°C 


2100 

- 

V/ps 

B 

Full 


1900 

- 

V/ps 

-SR- (Note 4) 

B 

+25°C 

- 

1000 

- 

V/ps 

B 

Full 

- 

900 

- 

V/ps 








































































































































Specifications HFA1145 


Electrical Specifications V SU p PLY = ±5V, A v = +1, R P = 5100, R l = 1000 , Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE1) 

TEST 

LEVEL 

TEMPERATURE 

ALL GRADES 

UNITS 

MIN 

TYP 

MAX 

Settling Time To 0.1% 

B 

+25°C 

- 

15 

* 

ns 

To 0.05% 

B 

+25°C 

- 

23 

- 

ns 

To 0.02% 

B 

+25°C 

- 

30 

- 

ns 

Overdrive Recovery Time (V (N = ±2V) 

B 

+25°C 

- 

8.5 

- 

ns 

VIDEO CHARACTERISTICS A v = +2, R F = 5100, Unless Otherwise Specified 

Differential Gain R L = 1 50Q 

(i _ ^ 

B 

+25°C 

- 

0.02 

- 

% 

R l = 750 

B 

+25°C 

- 

0.03 

- 

% 

Differential Phase R l = 1 500 

(f - 3 58MHz) 

B 

+25°C 

- 

0.03 

- 

Degrees 

R l = 750 

B 

+25°C 

- 

0.05 

- 

Degrees 

DISABLE CHARACTERISTICS 

Disabled Supply Current (V D)SABLE = OV) 

mm 

Full 

- 

3 

4 

mA 

DISABLE Input Logic Low 

A 

Full 

- 

- 

0.8 

V 

DISABLE Input Logic High 

A 

+25°C, +85°C 

2.0 

- 

• 

V 

A 

-40°C 

El 

- 

- 

V 

DISABLE Input Logic Low Current (V D!SABLE = OV) 

A 

Full 

- 

100 

200 

pA 

DISABLE Input Logic High Current (V D(S abie = 5V) 

A 

Full 

- 

1 

15 

pA 

Output Disable Time (V )N = ±1V, Viable = 2.4V to OV, Note 5) 

B 

+25°C 

- 

35 

- 

ns 

Output Enable Time (V )N = ±1 V, V D | SA ble = ov t0 2.4V, Note 5) 

B 

+25°C 

- 

180 

- 

ns 

Disabled Output Capacitance (V DISA ble = OV) 

B 

+25°C 

- 

2.5 

- 

PF 

Disabled Output Leakage (V D | SA ble = OV, V !N = +2V, V 0UT = ±3V) 

A 

Full 

- 

3 

10 

pA 

Off Isolation at 5MHz 

rV^.AVA. - - nV V.*. - 1V„ „ Nnto 

B 

+25°C 

- 

-75 

- 

dB 

v v DISABLE uv < V IN ' v p.p. inuib o) 

at 25MHz 

B 

+25°C 

- 

-60 

- 

dB 

POWER SUPPLY CHARACTERISTICS 

Power Supply Range 

C 

+25°C 

±4.5 

- 

±5.5 

V 

Power Supply Current 

A 

+25°C 


5.8 

6.1 

mA 

A 

Full 

- 

5.9 

6.3 

mA 


NOTES: 

1. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 


2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 

3. Undershoot dominates for output signal swings below GND (e.g. 0.5V P . P ), yielding a higher overshoot limit compared to the V 0UT = 0 to 
0.5V condition. See the “Application Information” section for details. 

4. Slew rates are asymmetrical if the output swings below GND (e.g. a bipolar signal). Positive unipolar output signals have symmetric pos- 
itive and negative slew rates comparable to the +SR specification. See the “Application Information” section, and the pulse response 
graphs for details. 

5. See Typical Performance Curves for more information. 
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Application Information 

Optimum Feedback Resistor 

Although a current feedback amplifier’s bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifier’s 
unique relationship between bandwidth and R F . All current 
feedback amplifiers require a feedback resistor, even for 
unity gain applications, and R F , in conjunction with the inter- 
nal compensation capacitor, sets the dominant pole of the 
frequency response. Thus, the amplifier’s bandwidth is 
inversely proportional to R F . The HFA1145 design is opti- 
mized for R F = 510ft at a gain of +2. Decreasing R F 
decreases stability, resulting in excessive peaking and over- 
shoot (Note: Capacitive feedback will cause the same prob- 
lems due to the feedback impedance decrease at higher 
frequencies). At higher gains, however, the amplifier is more 
stable so R F can be decreased in a trade-off of stability for 
bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. For a gain of +1 , a resis- 
tor (+R S ) in series with +IN is required to reduce gain peak- 
ing and increase stability. 


GAIN 

(Acl) 

Rp(ft) 

BANDWIDTH 

(MHz) 

-1 

425 

300 

+1 

510 (+R S = 510ft) 

270 

+2 

510 

330 

+5 

200 

300 

+10 

180 

130 


Non-inverting Input Source Impedance 

For best operation, the DC source impedance seen by the 
non-inverting input should be >50ft. This is especially 
important in inverting gain configurations where the non- 
inverting input would normally be connected directly to GND. 

DISABLE Input TTL Compatibility 

The HFA1145 derives an internal GND reference for the dig- 
ital circuitry as long as the power supplies are symmetrical 
about GND. With symmetrical supplies the digital switching 
threshold (V TH = (Vih + Vil) / 2 = (2.0 + 0 .8) / 2) is 1.4V, 
which ensures the TTL compatibility of the DISABLE input. If 
asymmetrical supplies (e.g. +10V, 0V) are utilized, the 
switching threshold becomes: 


and the V )H and V iL levels will be V TH ± 0.6V, respectively. 

Optional GND Pad (Die Use Only) for TTL Compatibility 

The die version of the HFA1145 provides the user with a 
GND pad for setting the disable circuitry GND reference. 
With symmetrical supplies the GND pad may be left uncon- 
nected, or tied directly to GND. If asymmetrical supplies (e.g. 


+10V. 0V) are utilized, and TTL compatibility is desired, die 
users mus t connect the GND pad to GND. With an external 
GND, the DISABLE input is TTL compatible regardless of 
supply voltage utilized. 

Pulse Undershoot and Asymmetrical Slew Rates 

The HFA1145 utilizes a quasi-complementary output stage 
to achieve high output current while minimizing quiescent 
supply current. In this approach, a composite device 
replaces the traditional PNP pulldown transistor. The com- 
posite device switches modes after crossing 0V, resulting in 
added distortion for signals swinging below ground, and an 
increased undershoot on the negative portion of the output 
waveform (See Figures 5, 8, and 11). This undershoot isn’t 
present for small bipolar signals, or large positive signals. 
Another artifact of the composite device is asymmetrical 
slew rates for output signals with a negative voltage compo- 
nent. The slew rate degrades as the output signal crosses 
through 0V (See Figures 5, 8, and 11), resulting in a slower 
overall negative slew rate. Positive only signals have sym- 
metrical slew rates as illustrated in the large signal positive 
pulse response graphs (See Figures 4, 7, and 10). 

PC Board Layout 

This amplifier’s frequency response depends greatly on the 
care taken in designing the PC board. The use of low 

inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (IOjiF) tantalum in parallel with a small value 
(0. 1 pF) chip capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
device’s input and output connections. Capacitance, para- 
sitic or planned, connected to the output must be minimized, 
or isolated as discussed in the next section. 

Care must also be taken to minimize the capacitance to 
ground at the amplifier’s inverting input (-IN), as this capaci- 
tance causes gain peaking, pulse overshoot, and if large 
enough, instability. To reduce this capacitance, the designer 
should remove the ground plane under traces connected to - 
IN, and keep connections to -IN as short as possible. 

An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 2. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (R s ) in series with the output 
prior to the capacitance. 

Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the R s and C L combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
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point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 

R s and C L form a low pass network at the output, thus 
limiting system bandwidth well below the amplifier band- 
width of 270MHz (for A v = +1). By decreasing R s as C L 
increases (as illustrated in the curves), the maximum 
bandwidth is obtained without sacrificing stability. In 
spite of this, the bandwidth decreases as the load capac- 
itance increases. For example, at A v = +1, Rs = 62Q, 
C L = 40pF, the overall bandwidth is limited to 180MHz, 
and bandwidth drops to 75MHz at A v = +1, R s = 8Q, 
C L = 400pF. 



FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 

Evaluation Board 

The performance of the HFA1145 may be evaluated using 
the HFA11XX Evaluation Board. 

The layout and schematic of the board are shown in Figure 
2. The V H connection may be used to exercise the DISABLE 
pin, but note that this connection has no 50ft termination. To 
order evaluation boards (part number HFA11XXEVAL), 
please contact your local sales office. 



510 510 



FIGURE 2C. SCHEMATIC 


FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT 
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Die Characteristics 

DIE DIMENSIONS: 

59 x 59 x 19 ± Imils 
1 500pm x 1 500pm x 483pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

TRANSISTOR COUNT: 75 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metallization Mask Layout 

HFA1145 


DISABLE 


V+ 


OUT 


V- OPTIONAL 

GND t 

t This pad is not bon ded out on packaged units. Die users may set a GND reference, via this pad, to ensure the TTL 
compatibility of the DIS input when using asymmetrical supplies (e.g. V+ = 10V, V- = 0V). See the “Application Infor- 
mation” section for details. 








OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV) 


HFA1145 
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GAIN (cJB) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV) 


HFA1145 
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SETTLING ERROR (%) REVERSE ISOLATION (dB) 


HFA1145 


Typical Performance Curves V SU p PLY = ±5V, R f = 51 on, T a = +25°c, R l = 100Q, Unless Otherwise Specified (Continued) 





FREQUENCY (MHz) 

FIGURE 21. REVERSE ISOLATION 
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FIGURE 23. SETTLING RESPONSE 
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FIGURE 22. ENABLED OUTPUT IMPEDANCE 
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OUTPUT POWER (dBm) 

FIGURE 24. 2nd HARMONIC DISTORTION vs P 0UT 
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OUTPUT POWER (dBm) 

FIGURE 25. 3rd HARMONIC DISTORTION vs P 0U t 
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FIGURE 26. OUTPUT VOLTAGE vs TEMPERATURE 
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NOISE VOLTAGE (nV/VHz) 


HFA1145 


Typical Performance Curves V SU p PLY = ±5 V, R f = 510a, T a = +25 °C, R l = 100ft, Unless Otherwise Specified (Continued) 



FIGURE 27. INPUT NOISE CHARACTERISTICS FIGURE 28. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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SEMICONDUCTOR 


HFA 1205 


July 1995 


Dual High-Speed, Low Power, 
Video Operational Amplifier 


Features 

• Low Supply Current 5.8mA/Op Amp 

• High Input Impedance 2MQ 

• Wide -3dB Bandwidth (A v = +2) 400MHz 

• Very Fast Slew Rate 1275V/^is 

• Gain Flatness (to 50MHz) ±0.03dB 

• Differential Gain 0.03% 

• Differential Phase 0.03Deg. 

• Pin Compatible Upgrade to HA5023 

Applications 

• Flash A/D Drivers 

• High Resolution Monitors 

• Video Switching and Routing 

• Professional Video Processing 

• Video Digitizing Boards/Systems 

• Multimedia Systems 

• RGB Preamps 

• Medical Imaging 

• Hand Held and Miniaturized RF Equipment 

• Battery Powered Communications 

• High Speed Oscilloscopes and Analyzers 


Description 

The HFA 1205 is a dual, high speed, low power current 
feedback amplifier built with Harris’ proprietary 
complementary bipolar UHF-1 process. 

These amplifiers deliver 400MHz bandwidth and 1275V/ps 
slew rate, on only 60mW of quiescent power. They are 
specifically designed to meet the performance, power, and 
cost requirements of high volume video applications. The 
excellent gain flatness and differential gain/phase 
performance make these amplifiers well suited for 
component or composite video applications. Video 
performance is maintained even when driving a back 
terminated cable (R L = 150£2), and degrades only slightly 
when driving two back terminated cables (R L = 75ft). RGB 
applications will benefit from the high slew rates, and high 
full power bandwidth. 

The HFA1205 is a pin compatible, low power, high 
performance upgrade for the popular Harris HA5023. For a 
dual amplifier with output disable capability, please see the 
HFA 1245 datasheet. 


Ordering Information 

TEMPERATURE 
PART NUMBER RANGE 


-40°C to +85°C 8 Lead Plastic DIP 

-40°C to +85°C 8 Lead Plastic SOIC (N) 


Pinout 


HFA1205 
(PDIP, SOIC) 

TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 . , Q „ 
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Specifications HFA1205 


Absolute Maximum Ratings 


Voltage Between V+ and V- 11V 

DC Input Voltage . v supply 

Differential Input Voltage 8V 

Output Current (Note 2) Short Circuit Protected 

30mA Continuous 
60mA < 50% Duty Cycle 

Junction Temperature (Die Only) +175°C 

Junction Temperature (Plastic Package) +150°C 

ESD Rating >2000V 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 


Operating Conditions 


Operating Temperature Range -40°C < T A $ +85°C 

Storage Temperature Range -65°C < T A < +150°C 

Thermal Package Characteristics e JA 

Plastic DIP 1 30°C/W 

SOIC 160°C/W 


CAUTION: Stresses above those listed in “ Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SUPPLY = +5V, A v = +1 , R f = 560Q , R l = 1 00ft, Unless Otherwise Specified 



(NOTE 1) 


ALL GRADES 


PARAMETER 

TEST 

LEVEL 

TEMP 

MIN 

1 TYP 

| MAX 

UNITS 


INPUT CHARACTERISTICS 


Input Offset Voltage 

A 

+25°C 

- 

2 

5 

mV 

A 

Full 

- 

3 

8 

mV 

Average Input Offset Voltage Drift 

B 

Full 

- 

1 

10 

pV/°C 

Input Offset Voltage AV CM = ±1 .8V 

A 

+25°C 

45 

48 

- 

dB 

AV cm = ±1.8V 

A 

+85°C 

43 

46 

- ; 

dB 

AV cm = ±1.2V 

A 

-40°C 

43 

46 

- 

dB 

Input Offset Voltage AV PS = ±1 .8V 

A 

+25°C 

48 

52 

- 

dB 

Power Supply Rejection Retio 

AV PS = ±1.8V 

A 

+85°C 

46 

50 

- 

dB 

AV PS = ±1 .2 V 

A 

-40°C 

46 

50 

- 

dB 

Non-Inverting Input Bias Current 

A 

+25°C 

- 

6 

15 

pA 

A 

Full 

- 

10 

25 

pA 

Non-Inverting Input Bias Current Drift 

B 

Full 

- 

5 

60 

nA/°C 

Non-Inverting input Bias Current AV PS = +1 ,8V 

A 

+25°C 

- 

0.5 

1 

pA/V 

AV PS = +1.8V 

A 

+85°C 

- 

0.8 

3 

pA/V 

AV PS = ±1.2V 

A 

-40°C 

- 

0.8 

3 

pA/V 

Non-Inverting Input Resistance AV CM = ±1 ,8V 

A 

+25°C 

0.8 

2 

- 

M a 

AV cm = ±1.8V 

A 

+85°C 

0.5 

1.3 

- 

MQ 

AV C m =* ±1 .2V 

A 

-40°C 


1.3 

- 


Inverting Input Bias Current 

A 

+25°C 

- 

2 

8.5 

pA 

A 

Full 

- 

5 

15 

pA 

Inverting Input Bias Current Drift 

B 

Full 

- 

60 

200 

nA/°C 



pA/V 


pA/V 


pA/V 


Inverting Input Bias Current Drift 

Inverting Input Bias Current 
Common-Mode Sensitivity 


+85°C 

-40°C 


3 


8 






















































































































Specifications HFA1205 


Electrical Specifications v s 


PARAMETER 


(NOTE 1) 

TEST 

LEVEL 


Inverting Input Bias Current 
Power Supply Sensitivity 


Inverting Input Resistance 


Input Capacitance (either input) 


= ±5V, A v = +1, R F = 560ft, R l = 100ft, Unless Otherwise Specified (Continued) 


ALL GRADES 

TEMP MIN 


+25°C 


+85°C 


-40°C 


+25°C 


+25°C 


AV PS = ±1 .8V 
AVpc = ±1 .8V 


AVpe = ±1 .2V 


Input Voltage Common Mode Range 

(Implied by V 10 CMRR, +R, N , and -l B1AS CMS tests) 


Input Noise Voltage Density (f = 100kHz) 


Non-Inverting Input Noise Current Density (f = 100kHz) 


Inverting Input Noise Current Density (f = 1 00kHz) 


TRANSFER CHARACTERISTICS 


Open Loop Transimpedance Gain (A v = -1) 


AC CHARACTERISTICS A v = +2, R F = 464ft, Unless Otherwise Specified 


-3dB Bandwidth (V 0UT = 0.2V P . P ) A v = +1 , +R S = 432ft 

A v = +2 

A v = -1, R F = 332ft 


Full Power Bandwidth A v = +1 , Rs = 432ft 

(V 0U T = 5V P . P at A v = +2/-1 , 

4V P . P at A v = +1) A v = +2 

A v = - 1 , R F = 332ft 


Gain Flatness (A v = +2, V 0 ut=°- 2V p-p) To 25MHz 

To 50MHz 


Minimum Stable Gain 


Crosstalk 5MHz 

10MHz 


OUTPUT CHARACTERISTICS R F = 560ft, Unless Otherwise Specified 


Output Voltage Swing (A v = -1 , R L = 1 00ft) 


Output Current (A v = -1, R L = 50ft) 


Output Short Circuit Current 


DC Closed Loop Output Impedance (A v = +2, R F = 464ft) 


Second Harmonic Distortion 10MHz 

(A v = +2, R F = 464ft, Vqut = 2Vp.p) 


v v 1 r — 1 uu i — r-r/ , 

20MHz 


Third Harmonic Distortion 10MHz 

(Av = +2, R f = 464ft, Vout = 2V P _ P ) 

20MHz 



A 

+25°C 

A 

Full 

A 

+25°C, +85°C 

mm 

-40°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 

B 

+25°C 


I 
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Specifications HFA 1205 


Electrical Specifications V SUPPLY = ±5V, A v = +1 , R F = 560ft, R l = 100ft, Unless Otherwise Specified, (Continued) 


ALL GRADES 


PARAMETER 

(NOTE 1) 

TEST 

LEVEL 

TRANSIENT CHARACTERISTICS A v 

= +2, R f = 464ft, Unless Otherwise 

Rise and Fall Times (V 0 ut = 0.5V P . P ) 

Rise Time 

B 


Fall Time 

B 

Overshoot (V 0 ut = 0.5V P . P , V| N t R) sE = 

2.5ns) 

B 

Slew Rate 

(Vout = 4V P . P , A v = +1 , +R$ = 432ft) 

+SR 

B 

-SR 

B 

Slew Rate (Vquj — 5V P _ P , Ay = +2) 

+SR 

B 


-SR 

B 

Slew Rate 

(V 0 ut = 5V P . P , A v = -1 , R f = 332ft) 

+SR 

B 

-SR 

B 

Settling Time (V 0UT = +2 V to 0V step) 

To 0.1% 

B 


To 0.05% 

B 


To 0.02% 

B 

Overdrive Recovery Time (V iN = ±2V) 

B 



VIDEO CHARACTERISTICS A v = +2, R F = 464ft, Unless Otherwise Specified 


R L = 150ft 
R l = 75ft 


R L = 150ft 



Differential Gain (f = 3.58MHz) 


Differential Phase (f = 3.58MHz) 


POWER SUPPLY CHARACTERISTICS 


Power Supply Range 


Power Supply Current 


1. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only. 

2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 
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HFA1205 


Die Characteristics 

DIE DIMENSIONS: 

69 x 92 x 19 ± Imils 
1750pm x 2330pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1: 8kA ± 0.4kA Thickness: Metal 2: 16kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 
TRANSISTOR COUNT: 180 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 


| pr "■■ ■ em ET 

Ict-jIEJL f-Jjri 




■ 


fXI lU 

SIjOTtt; : 



ifcarv-*n 
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HFA1205 


Application Information 

Optimum Feedback Resistor 

Although a current feedback amplifier’s bandwidth 
dependency on closed loop gain isn’t as severe as that of a 
voltage feedback amplifier, there can be an appreciable 
decrease in bandwidth at higher gains. This decrease may 
be minimized by taking advantage of the current feedback 
amplifier’s unique relationship between bandwidth and R F . 
All current feedback amplifiers require a feedback resistor, 
even for unity gain applications, and R F , in conjunction with 
the internal compensation capacitor, sets the dominant pole 
of the frequency response. Thus, the amplifier’s bandwidth 
is inversely proportional to R F . The HFA1205 design is 
optimized for a 464ft R F at a gain of +2. Decreasing R F 
decreases stability, resulting in excessive peaking and 
overshoot (Note: Capacitive feedback will cause the same 
problems due to the feedback impedance decrease at higher 
frequencies). At higher gains the amplifier is more stable, so 
R F can be decreased in a trade-off of stability for bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. For good channel-to- 
channel gain matching, it is recommended that all resistors 
(termination as well as gain setting) be ±1% tolerance or 
better. Note that a series input resistor, on +IN, is required 
for a gain of +1 , to reduce gain peaking and increase 
stability. 



Non-inverting Input Source Impedance 


For best operation, the D.C. source impedance seen by the 
non-inverting input should be >50ft. This is especially 
important in inverting gain configurations where the non- 
inverting input would normally be connected directly to GND. 

PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 

use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (10pF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 


recommended that the ground plane be removed under 
traces connected to -IN, and connections to -IN should be 
kept as short as possible. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (R$) in series with the output 
prior to the capacitance. 

Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the R s and C L combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 

R s and C L form a low pass network at the output, thus lim- 
iting system bandwidth well below the amplifier bandwidth 
of 280MHz (for A v = +1). By decreasing R s as C L 
increases (as illustrated in the curves), the maximum 
bandwidth is obtained without sacrificing stability. In spite 
of this, bandwidth decreases as the load capacitance 
increases. For example, at A v = +1 , Rs = 62ft, C L = 40pF, 
the overall bandwidth is limited to 180MHz, and band- 
width drops to 70MHz at A v = +1 , Rs = 8ft, C L = 400pF. 



LOAD CAPACITANCE (pF) 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 

Evaluation Board 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. To this end, it is 


The performance of the HFA1205 may be evaluated using 
the HA5023 Evaluation Board. The feedback and gain set- 
ting resistors must be replaced with the appropriate value 
(see “Optimum Feedback Resistor” section) for the gain 
being evaluated. 

To order evaluation boards, please contact your local sales 
office. 




H FA 1205 


Typical Performance Curves v SUPP UY = ±sv. r p = optimum value From “Apps into” Table. t a = +25°c. r u = 1000, 

Unless Otherwise Specified 



FIGURE 2. SMALL SIGNAL PULSE RESPONSE 


Vqut = 200mVp.p 
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FIGURE 3. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 4. FREQUENCY RESPONSE 


FREQUENCY (MHz) 


FIGURE 5. FULL POWER BANDWIDTH 
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FIGURE 6. GAIN FLATNESS 
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FIGURE 7. CROSSTALK vs FREQUENCY 
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HFA1212, HFA1412 


July 1995 


Dual/Quad High Speed, Low Power 
Closed Loop Buffer Amplifiers 


Features 

• Differential Gain 0.025% 

• Differential Phase 0.02 Deg. 

• Wide -3dB Bandwidth (A v = +2) 350MHz 

• Very Fast Slew Rate (A v m -1) IIOOV/jis 

• Low Supply Current 6mA/Buffer 

• High Output Current 60mA 

• Excellent Gain Accuracy 0.99 V/V 

• User Programmable For Closed-Loop Gains of +1 , -1 
or +2 Without Use of External Resistors 

• Overdrive Recovery 8ns 

• Standard Operational Amplifier Pinout 

Applications 

• High Resolution Monitors 

• Professional Video Processing 

• Medical Imaging 

• Video Digitizing Boards/Systems 

• RF/IF Processors 

• Battery Powered Communications 

• Flash Converter Drivers 

• High Speed Pulse Amplifiers 


Description 

The HFA1212 and HFA1412 are closed loop Buffers featur- 
ing user programmable gain and high speed performance. 
Manufactured on Harris’ proprietary complementary bipolar 
UHF-1 process, these devices offer wide -3dB bandwidth of 
350MHz, very fast slew rate, excellent gain flatness and high 
output current. 

A unique feature of the pinout allows the user to select a 
voltage gain of +1,-1, or +2, without the use of any external 
components. Gain selection is accomplished via connec- 
tions to the inputs, as described in the “Application Informa- 
tion” section. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

Compatibility with existing op amp pinouts provides flexibility 
to upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path should a higher closed loop gain be needed at 
a future date. For Military product, refer to the HFA1 212/883 
or HFA1 41 2/883 data sheets. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1212IP 

-40°C to +85°C 

8 Lead Plastic DIP 

HFA1212IB 

-40°C to +85°C 

8 Lead Plastic SOIC (N) 

HFA1412IP 

-40°C to +85°C 

14 Lead Plastic DIP 

HFA1412IB 

-40°C to +85°C 

14 Lead Plastic SOIC (N) 


Pinouts 


HFA1212 
(PDIP, SOIC) 
TOP VIEW 


HFA1412 
(PDIP, SOIC) 
TOP VIEW 


0UT1 Li 

-IN 1 [T 
+IN1 [3 

v- nr 


OUT1 [T 
-IN 1 |T 

[3 
v+ [± 
+!N 2 [7 
-IN 2 [7 
OUT 2 [7 


SI 0UT4 

13| -IN 4 
75] +IN 4 

111 V “ 

To] +IN 3 
|] -IN 3 
in OUT 3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 * or . n 
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Specifications HFA1212, HFA1412 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 11V Operating Temperature Range -40°C < T A < +85°C 

DC Input Voltage ^supply Storage Temperature Range -65°C < T A < +150°C 

Differential Input Voltage 5V Thermal Package Characteristics 0 JA 

Output Current (Note 1) Short Circuit Protected 8 Lead Plastic DIP 130°C/W 

Junction Temperature (Die Only) +175°C 8 Lead SOIC 160°CA N 

Junction Temperature (Plastic Package) +150°C 14 Lead Plastic DIP 100°C/W 

ESD Rating >2000V 14 Lead SOIC 120°C/W 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SU pp LY = ±5V, A v = +1 , R l = 1 00Q, Unless Otherwise Specified 


(NOTE 2) 

TEST 

LEVEL 



INPUT CHARACTERISTICS 


Output Offset Voltage 


Average Output Offset Voltage Drift 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Resistance (AV CM = ±1 .2V) 


Input Capacitance (either input) 


Input Voltage Common Mode Range 

(Implied by V !0 CMRR, +R )N , and -l B | AS CMRR tests) 


Input Noise Voltage Density (f = 10kHz) 


Non-Inverting Input Noise Current Density (f = 10kHz) 


TRANSFER CHARACTERISTICS 


Gain (A v = +2) 


Input Offset Voltage Common-Mode Rejection Ratio 
(AV cm = ±1.2V) 


-3dB Bandwidth (Ay = +1 , +Rg = 620£i, Vq^-j- = 0.2Vp_p) 


-3dB Bandwidth (A v = +2, V 0 ut = 0.2V P . P ) 


-3dB Bandwidth (A v = -1 , Vqut = 0.2V P . P ) 


Gain Flatness (to 25MHz, Vqut = 0.2V P . P) A v = +2) 


Gain Flatness (to 50MHz, V 0 ut = 0.2V P _ P , A v = +2) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
(Ay = -1) 
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Specifications HFA1212, HFA1412 


Electrical Specifications V SUPPLY = ±5V, A v = +1 , R L = loon, Unless Otherwise Specified (Continued) 


PARAMETER 

(NOTE 2) 

TEST 

LEVEL 

TEMP 

ALL GRADES 

UNITS 

MIN 

TYP 

MAX 

Output Current - implied by output voltage swing into 50Q 
(A v = -1,R l = 50Q) 

A 

+25°C, 

+85°C 

50 

55 

■ 

mA 

A 

-40°C 

28 

- 

- 

mA 

Output Short Circuit Current (A v = -1 ) 

B 

+25°C 

- 

90 

- 

mA 

Second Harmonic Distortion 
(20MHz, V 0U T = 2V P . Pl A v = +2) 

B 

+25°C 

- . 

50 

■ 

dBc 

Third Harmonic Distortion 
(20MHz, V 0UT = 2V P . P , A v = +2) 

B 

+25°C 

■ 

50 

- 

dBc 

TRANSIENT RESPONSE 

Rise Time (Vqut = 0.5V P _ P , A v = +2) 

B 

+25°C 

- 

1.1 

- 

ns 

Overshoot (V 0 ut = 0V to 0.5V, A v = +2, V iN t R1SE = 1 .0ns) 

B 

+25°C 

- 

5 


% 

Slew Rate (Vqut = 4V P _ P , Ay = +1 > +Rs = 620£i) 

B 

+25°C 

- 

850 

- 

V/ps 

Slew Rate (Vqut = 5V P . P , Ay = +2) 

B 

+25°C 

- 

900 

- 

V/ps 

Slew Rate (Vqut ~ 5V P _ P , Ay = -1 ) 

B 

+25°C 

- 

1100 

- 

V/ps 

0.1% Settling Time (V 0UT = +2V to 0V step, A v = +2) 

B 

+25°C 

- 

15 

- 

ns 

Overload Recovery Time 
(Ay = +2, V, N = ±2V to 0V step) 

B 

+25°C 

■ 

8 

- 

ns 

: 

VIDEO CHARACTERISTICS 

Differential Gain (f = 3.58MHz, A v = +2, R L = 150Q) 

B 

+25°C 

- 

0.025 

- 

% 

Differential Phase (f = 3.58MHz, A v = +2, R L = 150Q) 

B 

+25°C 

- 

0.02 

- 

Degrees 

POWER SUPPLY CHARACTERISTICS 

Power Supply Range 

C 

+25°C 

±4.5 

- 

±5.5 

V 

Power Supply Current 

A 

+25°C 

5.4 

5.9 

6.1 

mA/ 

Op Amp 

A 

Full 

- 

- 

6.3 

mA/ 

Op Amp 

Non-Inverting Input Bias Current Power Supply Sensitivity 
(AV PS = ±1 .25V) 

A 

+25°C 

- 

0,5 

1 

pA/V 

A 

Full 

- 

- 

3 

pA/V 

Input Offset Voltage Power Supply Rejection Ratio 
(AV PS = ±1 .25 V) 

A 

+25°C 

45 

49 

- 

dB 

A 

Full 

43 

- 

- 

dB 


NOTES: 

1 . Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 30mA for maximum reliability. 

2. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only. 












































































































HFA1212, HFA1412 


Application Information 

Closed Loop Gain Selection 

The HFA1X12 feature a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

This “buffer* operates in closed loop gains of -1, +1, or +2, and 
gain selection is accomplished via connections to the ±inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1 (see next section for layout caveats), while grounding -IN 
selects a gain of +2. A gain of -1 is obtained by applying the 
input signal to -IN with +IN grounded through a 50C! resistor. 


The table below summarizes these connections: 



Unity Gain Considerations 


Unity gain selection is accomplished by floating the -Input of 
the buffer. Anything that tends to short the -Input to GND, 
such as stray capacitance at high frequencies, will cause the 
amplifier gain to increase toward a gain of +2. The result is 
excessive high frequency peaking, and possible instability. 
Even the minimal amount of capacitance associated with 
attaching the -Input lead to the PCB results in approximately 
3dB of gain peaking. At a minimum this requires due care to 
ensure the minimum capacitance at the -Input connection. 

There are at least three alternate methods for configuring the 
HFA1X12 as a unity gain buffer. The implementations vary in 
complexity and involve performance trade-offs. The easiest 
approach to implement is simply shorting the two input pins 
together, and applying the input signal to this common node. 
The amplifier bandwidth decreases, but excellent gain 
flatness is the benefit. Another drawback to this approach is 


that the amplifier input noise voltage and input offset voltage 
terms see a gain of +2, resulting in higher noise and output 
offset voltages. Alternately, a lOOpF capacitor between the 
inputs shorts them only at high frequencies, which prevents 
the increased output offset voltage but delivers less gain 
flatness. 

Another straightforward approach is to add a 620Q resistor 
in series with the positive input. This resistor and the buffer’s 
input capacitance form a low pass filter which rolls off the 
signal bandwidth before gain peaking occurs. This 
configuration was employed to obtain the datasheet AC and 
transient parameters for a gain of +1 . 

PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 

use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
chip (0.1 pF) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance must be 
minimized, or isolated as discussed in the “Driving Capaci- 
tive Loads” section. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (R s ) in series with the output 
prior to the capacitance. 

R s and C L form a low pass network at the output, thus limit- 
ing system bandwidth well below the amplifier bandwidth of 
350MHz. By decreasing R s as CJncreases the maximum 
bandwidth is obtained without sacrificing stability. 
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Features 

• Low Supply Current 5.8mA/Op Amp 

• High Input Impedance 2M Q 

• Low Crosstalk (5MHz) -73dB 

• High Off Isolation (5MHz) -61 dB 

• Wide -3dB Bandwidth (A v = +2) 530MHz 

• Very Fast Slew Rate 1050V/ps 

• Gain Flatness (to 50MHz) ±0.1 IdB 

• Differential Gain 0.02% 

• Differential Phase 0.03Deg. 

• Individual Output Enable/Disable 

• Output Enable/Disable Time 160ns/20ns 


• Pin Compatible Upgrade to HA5022 

Applications 

• Flash A/D Drivers 

• High Resolution Monitors 

• Video Multiplexers 

• Video Switching and Routing 

• Professional Video Processing 

• Video Digitizing Boards/Systems 

• Multimedia Systems 

• RGB Preamps 

• Medical Imaging 

• Hand Held and Miniaturized RF Equipment 

• Battery Powered Communications 

• High Speed Oscilloscopes and Analyzers 


HFA 1245 

Dual, High-Speed, Low Power, Video 
Operational Amplifier with Disable 

Description 

The HFA 1245 is a dual, high speed, low power current feed- 
back amplifier built with Harris’ proprietary complementary 
bipolar UHF-1 process. 

The HFA 1245 features individual TTL/CMOS compatible 
disable controls. When pulled low they disable the corre- 
sponding amplifier, which reduces the supply current and 
forces the output into a high impedance state. This feature 
allows easy implementation of simple, low power video 
switching and routing systems. Component and composite 
video systems also benefit from this op amp’s excellent gain 
flatness, and good differential gain and phase specifications. 

Multiplexed A/D applications will also find the HFA1245 use- 
ful as the A/D driver/multiplexer. 

The HFA1245 is a low power, high performance upgrade for 
the popular Harris HA5022. For a dual amplifier without dis- 
able, in a standard 8 lead pinout, please see the HFA1205 
data sheet. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HFA1245IP 

-40°C to +85°C 

14 Lead Plastic DIP 

HFA1245IB 

-40°C to +85°C 

14 Lead Plastic SOIC (N) 


Pinout 


HFA1245 
(PDIP, SOIC) 

TOP VIEW 


■ini [7 — thlr— i3 outi 

+ini [7 — 13] NC 

DISABLE 1 |T 12] GND 

V-|T 11 ] V+ 

DISABLE 2 [][ 10] NC 

+IN2 


-IN2 [TL 


{H OUT2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 


Copyright © Harris Corporation 1995 


File Number 3682.1 
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Specifications HFA 1245 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 11V Operating Temperature Range -40°C < T A < +85°C 

DC Input Voltage Vsupply Storage Temperature Range -65°C < T A < +1 50°C 

Differential Input Voltage 8V Thermal Package Characteristics e JA 

Output Current (Note 2) Short Circuit Protected Plastic DIP 100°C/W 

30mA Continuous SOIC 120°C/W 

60mA < 50% Duty Cycle 

Junction Temperature (Die Only) +175°C 

Junction Temperature (Plastic Package) +150°C 

ESD Rating >2000V 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SU p PLY = ±5V, A v = +1 , Rp = 560Q, R l = 100ft, Unless Otherwise Specified 


ALL GRADES 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Average Input Offset Voltage Drift 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Inverting Input Bias Current Drift 


(NOTE 1) 

TEST 

LEVEL 


Input Offset Voltage 

Common-Mode Rejection Ratio 

AV cm = ±1.8V 

AV cm = ±1.8V 


AV cm = ±1.2V 

Input Offset Voltage 

Power Supply Rejection Ratio 

AVps = ±1.8V 

AVpg = ±1.8V 


AV PS = ±1 .2V 


Non-Inverting Input Bias Current 
Power Supply Sensitivity 

AV PS = ±1.8V 

AVpg = ±1 .8V 

AV PS = ±1 .2 V 

Non-Inverting Input Resistance 

AV cm = ±1.8V 

AV cm = ±1.8V 

AV cm = ±1.2V 

Inverting Input Bias Current 



Inverting Input Bias Current 
Common-Mode Sensitivity 

AV CM = ±1 .8V 

AV cm = ±1.8V 


AV cm = ±1.2V 

Inverting Input Bias Current 

Power Supply Sensitivity 

AVpg - ±1 .8V 

AV PS = ±1 .8V 


AV PS = ±1 .2V 

1 Inverting Input Resistance ] 
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Specifications HFA1245 


Electrical Specifications V SUPPLY = ±5V, A v = +1 , Rp = 560ft, R l = 100ft, Unless Otherwise Specified (Continued) 


ALL GRADES 


(NOTE 1) 

TEST 

LEVEL 


PARAMETER 


Input Capacitance (either input) 


Input Voltage Common Mode Range 

(Implied by V !0 CMRR, +R iN , and -l B)AS CMS tests) 


Input Noise Voltage Density (f = 100kHz) 


Non-Inverting Input Noise Current Density (f = 100kHz) 


Inverting Input Noise Current Density (f = 100kHz) 


TRANSFER CHARACTERISTICS 


Open Loop Transimpedance Gain (A v = -1) 


AC CHARACTERISTICS A v = +2, R P = 560ft, Unless Otherwise Specified 


B 


-3dB Bandwidth (V 0UT = 0.2V P . P ) 

Ay = +1 , +Rg = 560ft 


Ay = +2 


Ay = -1, R F = 510ft 

Full Power Bandwidth 

Ay = +1 , +Rg = 560ft 

(Vqut = 5V P . P at A Y = +2/-1 , 

4V P . P at Ay = +1 ) 

9 

II 

< 


Ay = -1 , R F = 510ft 

Gain Flatness (A v = +2, V 0UT = 0.2V P _ 

To 25MHz 

p) 

To 50MHz 

Minimum Stable Gain 

Crosstalk (Note 3) 

5MHz 


10MHz 



OUTPUT CHARACTERISTICS R F = 560ft, Unless Otherwise Specified 


Output Voltage Swing (A v = -1, R L = 100ft) 


Output Current (A v = -1 , Rl = 50ft) 


Output Short Circuit Current 



+25°C 


Full 


+25°C, +85°C 


-40°C 


+25°C 


DC Closed Loop Output Impedance (A v = +2, R F = 560ft) 

B 

+25°C 

Second Harmonic Distortion 10MHz 

B 

+25°C 

(A v = +2, R f = 560ft, V 0 ut = 2V P _ P ) 20MHz 

B 

+25°C 

Third Harmonic Distortion 10MHz 

B 

+25°C 

(Ay = +2, R f = 560ft, Vqut = 2V P . P ,) 2 0MHz 

B 

+25°C 

TRANSIENT CHARACTERISTICS A v = +2, R F = 560ft, Unless Otherwise Specified 

Rise and Fall Times (V 0UT = 0.5V P . P ) Rise Time 

B 

+25°C 

Fall Time 

B 

+25°C 

Overshoot (Vqut = 0.5V P . P , V|n tp|g F = 1.0ns) 

B 

+25°C 

Slew Rate +SR 

B 

+25°C 

(Vout = 4V P _ P , Ay = +1 , +Rg = 560 ft) 

B 

+25°C 

Slew Rate (Vqut = 5V P _ P , Ay = +2) +SR 

B 

+25°C 

-SR 

B 

+25°C 


mA 


mA 


mA 


ft 


dBc 


dBc 
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Specifications HFA1245 


Electrical Specifications V SU p PLY = ±5V, A v = +1 , R F = 560Q, R l = 1 OOO, Unless Otherwise Specified (Continued) 


ALL GRADES 


PARAMETER 

(NOTE1) 

TEST 

LEVEL 

TEMP 

Slew Rate +SR 

B 

+25°C 

(Vout = 5V P _ P , A v = -1 , R P = 51 00) gp 

B 

+25°C 

Settling Time (V 0UT = +2V to 0V step) To 0.1% 

B 

+25°C 

To 0.05% 

B 

+25°C 

To 0.02% 

B 

+25°C 

Overdrive Recovery Time (V, N = ±2V) 

B 

+25°C 


VIDEO CHARACTERISTICS A v = +2, R F = 5600, Unless Otherwise Specified 


Differential Gain (f = 3.58MHz) 

R L = 1500 

B 

+25°C 


R l = 750 

B 

+25°C 

Differential Phase (f = 3.58MHz) 

R l = 150ft 

B 

+25°C 


R l = 750 

B 

+25°C 


DISABLE CHARACTERISTICS 


Disabled Supply Current (Viable = OV) 


DISABLE Input Logic Low Voltage 


DISABLE Input Logic High Voltage 


DISABLE Input Logic Low Current ( V D isable = ov ) 


DISABLE Input Logic High Current (Viable = 5V) 


Output Disable Time (V )N = ±1V, V DISA ble = 2.4V t0 ov ) 


Output Enable Time (V )N = ±1V, V d1SA ble = OV to 2.4V) 


Disabled Output Capacitance (V iabl e = OV) 


Disabled Output Leakage (V qisable = ov , V !N = *2 V, 
Vqut = -3V) 


Off Isolation 

(Vqisable = OV, V (N = 1V P . P , A v = +2) 


POWER SUPPLY CHARACTERISTICS 


Power Supply Range 


Power Supply Current 


at 5MHz 
at 10MHz 





1. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only. 

2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (1 00% duty cycle) 
output current must not exceed 30mA for maximum reliability. 

3. The typical use for these amplifiers is in multiplexed configurations, where one amplifier (hostile channel) is enabled, and the passive 
channel is disabled. The crosstalk data specified is tested in this manner, with the input signal applied to the hostile channel, while mon- 
itoring the output of the passive channel. Crosstalk performance with both the hostile and passive channels enabled is typically: -63dB 
at 5MHz, and -50dB at 1 0MHz. 
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HFA124S 


Die Characteristics 

DIE DIMENSIONS: 

69 x 92 x 19± Imils 
1 750pm x 2330pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1:AICu(2%)yTiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy - Plastic DIP and SOIC 

TRANSISTOR COUNT: 180 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 

HFA1245 


-INI OUT1 GND (SEE NOTE 1) 



1 

-IN2 V- 


NOTE: 

1 . This is an optional GND pad. Users may set a GND reference, via this pad, to ensure the TTL compatibility of the DISABLE inputs when 
using asymmetrical supplies (e.g. V+ = 10V, V- = 0V). See the “Application Information” section for details. 





HFA1245 


Application Information 

Optimum Feedback Resistor 

Although a current feedback amplifier’s bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifier’s 
unique relationship between bandwidth and R F . All current 
feedback amplifiers require a feedback resistor, even for 
unity gain applications, and R F , in conjunction with the inter- 
nal compensation capacitor, sets the dominant pole of the 
frequency response. Thus, the amplifier’s bandwidth is 
inversely proportional to R F . The HFA1245 design is opti- 
mized for a 560Q R F at a gain of +2. Decreasing R F 
decreases stability, resulting in excessive peaking and over- 
shoot (Note: Capacitive feedback will cause the same prob- 
lems due to the feedback impedance decrease at higher 
frequencies). At higher gains the amplifier is more stable, so 
R f can be decreased in a trade-off of stability for bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. For good channel-to- 
channel gain matching, it is recommended that all resistors 
(termination as well as gain setting) be ±1% tolerance or bet- 
ter. Note that a series input resistor, on +IN, is required for a 
gain of +1 , to reduce gain peaking and increase stability. 


GAIN 


BANDWIDTH 

(A C l) 

r f (o) 

(MHz) 

-1 

510 

230 

+1 

560 (+R S = 5600) 

290 

+2 

560 

530 


Non-inverting Input Source Impedance 

For best operation, the D.C. source impedance looking out 
of the non-inverting input should be >500. This is especially 
important in inverting gain configurations where the non- 
inverting input would normally be connected directly to GND. 

Optional GND Pin for TTL Compatibility 

The H FA 1245 derives an internal GND reference for the dig- 
ital circuitry as long as the power supplies are symmetrical 
about GND. The G ND refere nce is used to ensure the TTL 
compatibility of the DISABLE inputs. With symmetrical sup- 
plies the GND pin (Pin 12) may be floated, or connected 
directly to GND. If asymmetrical supplies (e.g. +10V, OV) are 
utilized, and TTL compatibility is desired, the GND pin must 
be connected to GND. 

PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 

use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10jiF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. To this end, it is 
recommended that the ground plane be removed under 
traces connected to -IN, and connections to -IN should be 
kept as short as possible. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly ter- 
minated transmission line will degrade the amplifier’s phase 
margin resulting in frequency response peaking and possi- 
ble oscillations. In most cases, the oscillation can be avoided 
by placing a resistor (R s ) in series with the output prior to the 
capacitance. 

Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the R s and C L combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 

R s and C L form a low pass network at the output, thus lim- 
iting system bandwidth well below the amplifier bandwidth 
of 290MHz (for A v = +1). By decreasing R s as C L in- 
creases (as illustrated in the curves), the maximum band- 
width is obtained without sacrificing stability. Even so, 
bandwidth does decrease as you move to the right along 
the curve. For example, at A v = +1, Rs = 62Q, C L = 40pF, 
the overall bandwidth is limited to 180MHz, and band- 
width drops to 70MHz at A v = +1 , Rs = 8£2, C\_ = 400pF. 



0 50 100 150 200 250 300 350 400 

LOAD CAPACITANCE (pF) 

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 
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Features 

• Low Supply Current. 5.8mA/Op Amp 

• High Input Impedance 1MQ 

• Wide -3dB Bandwidth (A v »+2) . . . 560MHz 

• Very Fast Slew Rate. 1700V/ps 

• Gain Flatness (to 50MHz) ±0.03dB 

• Differential Gain 0.02% 

• Differential Phase. 0.03 Degrees 

• All Hostile Crosstalk (5MHz) -60dB 

• Pin Compatible Upgrade to HA5025 and CLC414 

Applications 

• Flash A/D Drivers 

• Professional Video Processing 

• Video Digitizing Boards/Systems 

• Multimedia Systems 

• RGB Preamps 

• Medical Imaging 

• Hand Held and Miniaturized RF Equipment 

• Battery Powered Communications 

• High Speed Oscilloscopes and Analyzers 


Description 

The HFA1405 is a quad, high speed, low power current 
feedback amplifier built with Harris’ proprietary complemen- 
tary bipolar UHF-1 process. 

These amplifiers deliver 560MHz bandwidth and 1700V/ps 
slew rate, on only 58mW of quiescent power. They are spe- 
cifically designed to meet the performance, power, and cost 
requirements of high volume video applications. The excel- 
lent gain flatness and differential gain/phase performance 
make these amplifiers well suited for component or compos- 
ite video applications. Video performance is maintained 
even when driving a back terminated cable (R L = 1 50Q), and 
degrades only slightly when driving two back terminated 
cables (R L = 75Q). RGB applications will benefit from the 
high slew rates, and high full power bandwidth. 

The HFA1405 is a pin compatible, low power, high perfor- 
mance upgrade for the popular Harris HA5025, and for the 
CLC414. 


Ordering Information 

TEMPERATURE 
PART NUMBER RANGE 


-40°C to +85°C 1 4 Lead Plastic SOIC (N) 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 0 


File Number 3604.2 






Specifications H FA 1405 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 

11V 

Operating Temperature Range 

.. -40°C<T A <+85°C 

DC Input Voltage 

V SUPPLY 

Storage Temperature Range 

..-65°C<T a <+150°C 

Differential Input Voltage 

5V 

Thermal Package Characteristics 

®JA 

Output Current (Note 2) 

. . Short Circuit Protected 

SOIC Package 

1 20°C/W 


30mA Continuous 




.60mA < 50% Duty Cycle 



Junction Temperature (Die Only) 

+175°C 



Junction Temperature (Plastic Package) . 

+150°C 



ESD Rating 

>2000V 



Lead Temperature (Soldering 10s) 

+300°C 



(Lead Tips Only) 




CAUTION: Stresses above those listed in " Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications V SUPPLY = ±5V, A v * +1, R f = 5100, R l = 1000, Unless Otherwise Specified 


HFA1405IB 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Average Input Offset Voltage Drift 


Input Offset Voltage 
Common-Mode Rejection Ratio 


Input Offset Voltage 
Power Supply Rejection Ratio 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Bias Current 
Power Supply Sensitivity 


Non-Inverting Input Resistance 


Inverting Input Bias Current 


Inverting Input Bias Current Drift 


Inverting Input Bias Current 
Common-Mode Sensitivity 


Inverting Input Bias Current 
Power Supply Sensitivity 


(NOTE 1) 

TEST 

LEVEL 


TEMPERATURE 


AVq M = ±1.8V 
AV cm = ±1 -8V 
AV cm = ±1.2V 


AV PS = ±1 .8V 
AV PS = ±1 .8V 
AV PS = ±1.2V 


AV PS =±1.8V 
AV PS = ±1 -8V 
AV PS = ±1.2V 


AV CM = ±1.8V 
AVcm=±1 8V 
AV cm =±1-2V 


AV C m=±1-8V 

AV C m=±1-8V 

AV cm =±1.2V 


AV P g = ±1 .8V 
AV PS = ±1 .8V 
AV PS = ±1 .2V 
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Specifications HFA 1405 


Electrical Specifications V suppl y = ±5V, A v = +1 , R f = 51 OQ, R l = 100Q, Unless Otherwise Specified (Continued) 


PARAMETER 


Inverting Input Resistance 


Input Capacitance (any input) 


Input Voltage Common Mode Range 

(Implied by V I0 CMRR, +R (N , and -l B | AS CMS tests) 


Input Noise Voltage Density (f = 100kHz) 


Non-Inverting Input Noise Current Density (f = 100kHz) 


Inverting Input Noise Current Density (f = 100kHz) 


TRANSFER CHARACTERISTICS 


Open Loop T ransimpedance Gain (A v = -1 ) 


AC CHARACTERISTICS R F = 5100, Unless Otherwise Specified 


(NOTE 1) 

TEST 

LEVEL 



TEMPERATURE 


+25°C 


+25°C 


+25°C, +85°C 


-40°C 


+25°C 


+25°C 


+25°C 


HFA1405IB 

MIN 

TYP 

MAX 

- 

60 

- 

- 

1.4 

- 

±1.8 

±2.4 

- 

±1.2 

±1.7 

- 

- 

3.5 

- 

- 

2.5 

- 

- 

20 

- 



-3dB Bandwidth 
( v out = 0.2V P _p) 

A v = -1 , R f = 3600 

B 

+25°C 

- 

420 

- 

MHz 

CM 

+ 

n 

> 

< 

B 

+25°C 

- 

560 

- 

MHz 


Ay — +6, 

R f = 5000 

B 

+25°C 

- 

140 

- 

MHz 

Full Power Bandwidth 
( v out = 5V p-p) 

A v = -1, R F = 3600 

B 

+25°C 

- 

260 

- 

MHz 

CM 

+ 

n 

< 

B 

+25°C 

- 

165 

- 

MHz 


Ay = +6, 

R f = 5000 

B 

+25°C 

- 

150 

- 

MHz 

Gain Flatness 

(A v = -1 , R f = 3600, V 0U T = 0.2V P . P ) 

to 25MHz 

B 

+25°C 

- 

±0.03 

- 

dB 

to 50MHz 

B 

+25°C 

- 

±0.04 

- 

dB 

Gain Flatness 

(Ay = +2, Vqut = 0.2V P . P ) 

to 25MHz 

B 

+25°C 

- 

±0.03 

- 

dB 

to 50MHz 

B 

+25°C 

- 

±0.03 

- 

dB 

Gain Flatness 

(A v = +6, R f = 5000, V 0UT = 0.2V P . P ) 

to 15MHz 

B 

+25°C 

- 

±0.08 

- 

dB 

to 30MHz 

B 

+25°C 

- 

±0.19 

- 

dB 

Minimum Stable Gain 

A 

Full 

- 

1 

- 

VA/ 

Crosstalk (All Channels Hostile) 

5MHz 

B 

+25°C 

- 

-60 

- 

dB 


10MHz 

B 

+25°C 

- 

-56 

- 

dB 

OUTPUT CHARACTERISTICS A v = +2, R F 

= 5100, Unless Otherwise Specified 





Output Voltage Swing 


A 

+25°C 

±3 

±3.4 

- 

V 

(Ay — -1 , — 1 OOO) 


A 

Full 

±2.8 

±3 

- 

V 

Output Current (A v = -1 , R L = 500) 


A 

+25°C, +85°C 

50 

60 

* 

mA 



A 

-40°C 

28 

42 

■ 

mA 

Output Short Circuit Current 

B 

+25°C 

- 

90 

- 

mA 

DC Closed Loop Output Impedance 

B 

+25°C 

- 

0.2 

- 

Q 

Second Harmonic Distortion 

10MHz 

B 

+25°C 

- 

-51 

- 

dBc 

(Vout = 2V p . p ) 

20MHz 

B 

+25°C 

- 

-46 

- 

dBc 
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Specifications HFA 1405 


Electrical Specifications V SUPPLY = ±5V, A v = +1 , R f = 51 on, R l = I oon. Unless Otherwise Specified (Continued) 




(NOTE 1) 

TEST 

LEVEL 


| HFA1405IB 1 


PARAMETER 


TEMPERATURE 

MIN 

TYP 

MAX 

UNITS 

Third Harmonic Distortion 
(V 0 ut = 2V p-p) 

10MHz 

B 

+25°C 

- 

-63 

- 

dBc 

20MHz 

B 

+25°C 

- 

-56 

- 

dBc 

TRANSIENT CHARACTERISTICS A v = 

+2, R f = 5100, Unless Otherwise Specified 





Rise and Fall Times (V 0UT = 0.5V P . P ) 

<> 

n 

+ 

ro 

B 

+25°C 

- 

0.8 

- ; 

ns 


Ay = +6, 

R F = 5000 

B 

+25°C 

- 

2.9 

- 

ns 

Overshoot (Note 3) 

(Ay = -1 , Rp = 3600, Vqut = 2V P _ P , 
v in t RiSE= Ins) 

+OS 

B 

+25°C 

* 

13 

- 

% 

-OS 

B 

+25°C 

- 

21 

- 

% 

Overshoot (Note 3) 

+OS 

B 

+25°C 

- 

13 

- 

% 

(Av = +2, V 0UT = 2V P . P , V|jg t R)SE = Ins) 

-OS 

B 

+25°C 

- 

16 

- 

% 

Overshoot 

(Ay = +6, R P = 5000, Vqut = 2V P _ P , 

V IN t RISE = 1ns ) 

+OS 

B 

+25°C 

- 

0 

- 

% 

-OS 

B 

+25°C 

■ 

2 

- 

wm 

Slew Rate 

(Vqut = 5V P _ P , Ay = = 3600) 

+SR 

B 

+25°C 

- 

2500 

- 

V/ps 

-SR 

B 

+25°C 

- 

1900 

- 

V/ps 

Slew Rate 

( V OUT = 5V P-P< A v = +2) 

+SR 

B 

+25°C 

- 

1700 

- 

V/ps 

-SR 

B 

+25°C 

- 

1700 

- 

V/ps 

Slew Rate 

(V 0U T = 5V P . P , A v = +6, Rp = 5000) 

+SR 

B 

+25°C 

- 

1500 

- 

V/ps 

-SR 

B 

+25°C 

- 

1100 

- 

V/ps 

Settling Time 

A/ i OW A\ / 

To 0.1% 

B 

+25°C 

- 

23 

- 

ns 

(Vout to ov step) 

To 0.05% 

B 

+25°C 

- 

30 

- 

ns 


To 0.025% 

B 

+25°C 

- 

37 

- 

ns 

Overdrive Recovery Time (V )N = ±2V) 

B 

+25°C 

- 

8.5 

- 

ns 

VIDEO CHARACTERISTICS Ay = +2, R 

F = 5100, Unless Otherwise Specifiec 

1 





Differential Gain 
(f = 3.58MHz) 

R L = 1500 

B 

+25°C 

- 

0.02 

- 

% 

R l = 750 

B 

+25°C 

- 

0.03 

- 

% 

Differential Phase 
(f = 3.58MHz) 

R l = 1500 

B 

+25°C 

- 

0.03 

- 

Degrees 

R l = 750 

B 

+25°C 

- 

0.06 

- 

Degrees 

POWER SUPPLY CHARACTERISTICS 

Power Supply Range 

C 

+25°C 

±4.5 

- 

±5.5 

V 

Power Supply Current 


m 

+25°C 

- 

5.8 

6.1 

mA/Op 

Amp 



m 

Full 

- 

5.9 

6.3 

mA/Op 

Amp 


1 . Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 

2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 

3. Undershoot dominates for output signal swings below GND (e.g. 2V P . P ), yielding a higher overshoot limit compared to the V 0UT = 0V to 
2V condition. See the “Application Information” section for details. 


2-213 


OPERATIONAL 

AMPLIFIERS 










































































































































HFA1405 


Application Information 

Optimum Feedback Resistor 

Although a current feedback amplifier’s bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifier’s 
unique relationship between bandwidth and R F . All current 
feedback amplifiers require a feedback resistor, even for unity 
gain applications, and R F , in conjunction with the internal 
compensation capacitor, sets the dominant pole of the fre- 
quency response. Thus, the amplifier’s bandwidth is inversely 
proportional to R F . The HFA1405 design is optimized for 
R f = 51 OQ at a gain of +2. Decreasing R F decreases stability, 
resulting in excessive peaking and overshoot (Note: Capaci- 
tive feedback causes the same problems due to the feedback 
impedance decrease at higher frequencies). However, at 
higher gains the amplifier is more stable so R F can be 
decreased in a trade-off of stability for bandwidth. 

The table below lists recommended R F values for various 
gains, and the expected bandwidth. For good channel-to-chan- 
nel gain matching, it is recommended that all resistors (termina- 
tion as well as gain setting) be ±1% tolerance or better. 


OPTIMUM FEEDBACK RESISTOR 


GAIN 

(A C l) 

r f (o) 

BANDWIDTH 

(MHz) 

-1 

360 

420 

+2 

510 

560 

+6 

500 (Note) 

140 


NOTE: R F = 5000 is not the optimum value. It was chosen to match 
the R F of the CLC412, for performance comparison purpos- 
es. Performance at A v = +6 may be increased by reducing 
Rp below 5000. 

Non-inverting Input Source Impedance 

For best operation, the DC source impedance seen by the 
non-inverting input should be >50Q. This is especially 
important in inverting gain configurations where the non- 
inverting input would normally be connected directly to GND. 

Pulse Undershoot 

The HFA1405 utilizes a quasi-complementary output stage 
to achieve high output current while minimizing quiescent 
supply current. In this approach, a composite device 
replaces the traditional PNP pulldown transistor. The com- 
posite device switches modes after crossing OV, resulting in 
added distortion for signals swinging below ground, and an 
increased undershoot on the negative portion of the output 
waveform (see Figure 4 and Figure 7). This undershoot isn’t 
present for small bipolar signals, or large positive signals 
(see Figure 3 and Figure 6). 

PC Board Layout 

The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The use 

of low inductance components such as chip resistors 
and chip capacitors is strongly recommended, while a 
solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10pF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance, parasitic or 
planned, connected to the output must be minimized, or iso- 
lated as discussed in the next section. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The larger 
this capacitance, the worse the gain peaking, resulting in 
pulse overshoot and eventual instability. To reduce this capac- 
itance the designer should remove the ground plane under 
traces connected to -IN, and keep connections to -IN as short 
as possible. 

Driving Capacitive Loads 

Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (R s ) in series with the output 
prior to the capacitance. 

Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the R s and C L combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 

R s and C L form a low pass network at the output, thus limiting 
system bandwidth well below the amplifier bandwidth of 
560MHz. By decreasing R s as C L increases (as illustrated in 
the curve), the maximum bandwidth is obtained without sacri- 
ficing stability. Even so, bandwidth does decrease as you 
move to the right along the curve. 



LOAD CAPACITANCE (pF) 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 
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Die Characteristics 

DIE DIMENSIONS: 

79 mils x 118 mils x 19 mils ±1mil 
2000pm x 3000pm x 483pm ±25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 

Thickness: Metal 1: 8kA ±0.4kA Thickness: Metal 2: 16kA ±0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ±0.5kA 

TRANSISTOR COUNT: 320 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metaiiization Mask Layout 

HFA1405 

-INI OUT1 OUT4 -IN4 





-IN2 OUT2 V- OUT3 -IN3 
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OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV) 
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HFA1405 


Typical Performance Curves Vsupply = ±5V, T a == +25°C, R f = Value From the Optimum Feedback Resistor Table 

Ri = 100Q, Unless Otherwise Specified (Continued) 
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SAMPLE AND HOLD AMPLIFIER DATA SHEETS 

HA5351 Fast Acquisition Sample and Hold Amplifier 

HA5352 Fast Acquisition Dual Sample and Hold Amplifier 
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Features 

• Fast Acquisition to 0.01% 70ns (Max) 

• Low Offset Error ±2mV (Max) 

• Low Pedestal Error ±10mV (Max) 

• Low Droop Rate 2pV/ps (Max) 

• Wide Unity Gain Bandwidth 40MHz 

• Low Power Dissipation 220mW (Max) 

• Total Harmonic Distortion (Hold Mode) -72dBc 

(V 1N = 5Vp. P at 1MHz) 

• Fully Differential Inputs 

• On Chip Hold Capacitor 

Applications 

• Synchronous Sampling 

• Wide Bandwidth A/D Conversion 

• Deglitching 

• Peak Detection 

• High Speed DC Restore 


Description 

The HA5351 is a fast acquisition, wide bandwidth sample 
and hold amplifier, built with the Harris HBC-10 BiCMOS 
process. This sample and hold amplifier offers a combination 
of desirable features; fast acquisition time (70ns to 0.01% 
maximum), excellent DC precision and extremely low power 
dissipation, making it ideal for use in systems that sample 
multiple signals and require low power. For systems with 
multiple channels, consider the Dual HA5352 sample and 
hold amplifier. 

The HA5351 is in an open loop configuration with fully differ- 
ential inputs providing flexibility for user defined feedback. In 
unity gain the HA5351 is completely self-contained and 
requires no external components. The on-chip 15pF hold 
capacitor is completely isolated to minimizing droop rate and 
reduce sensitivity to pedestal error. The HA5351 is available 
in 8 lead PDIP and SOIC packages for minimizing board 
space and ease of layout. 


Ordering Information 


PART NUMBER 

HA5351IP 


TEMPERATURE 

RANGE 


-40°C to +85°C 


PACKAGE 

8 Lead Plastic DIP 


-40°C to +85°C 8 Lead SOIC (N) 


Pinout 


HA5351 
(PDIP, SOIC) 

TOP VIEW 


| jBj-IN 

•*¥ 7] GND 

n T] v+ 

». - . T\ S/H CTRL 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 * 
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Specifications HA5351 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- Terminals +1 1 V Operating Temperature Range 


Differential Input Voltage , +6V 


HA5351I -40°C < T A < +85°C 


OjA 

120°CA N 
1 60°C/W 


Voltage Between Sample and Hold Control and Ground +5.5V Storage Temperature Range -65°C < Ta < +150°C 

Output Current, Continuous . . ±37mA Thermal Resistance 0 JA 

Junction Temperature (Plastic Packages) . . . . +150°C Plastic DIP 120°C/W 

Lead Soldering Temperature (Soldering 10s) +300°C SOIC 160°C/W 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions: V SU pp LY = ±5V; C H = Internal = 15pF, Digital Input: V ]L = +0.0V (Sample), V !H = 4.0V 
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), Cj_ = 5pF, 

Unless Otherwise Specified 


INPUT CHARACTERISTICS 


Input Voltage Range 


Input Resistance (Note 2) 


Input Capacitance 


Input Offset Voltage 


Offset Voltage Temperature Coefficient 


Offset Current 


Common Mode Range 


Common Mode Rejection (±2.5V DC ) (Note 3) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (±2.5V 0 ut) 


Unity Gain -3dB Bandwidth 


TRANSIENT RESPONSE 


Rise Time (200m V Step) 


Overshoot (200mV Step) 


Slew Rate (5V Step) 


DIGITAL INPUT CHARACTERISTICS 


Input Voltage (High) V !H 


Input Voltage (Low) V|[_ 


Input Current (V (L = 0V) l| L 


Input Current (V, H = 5V) l iH 


OUTPUT CHARACTERISTICS 


Output Voltage (R L = 510L2) 


Output Current (R L = 100H) 
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Specifications HA5351 


Electrical Specifications Test Conditions: V SUP ply = ±5V; C H = Internal = 1 5pF, Digital Input: V, L = +0.0V 
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C L = 5pF, 
Unless Otherwise Specified (Continued) 


Full Power Bandwidth (5V P . P , A v = +1, -3dB) 


(Sample), V| H = 4.0V 


Output Resistance - Hold Mode 


TOTAL OUTPUT NOISE, DC TO 10MHz 


Sample Mode 


DISTORTION CHARACTERISTICS 


SAMPLE MODE 


Total Harmonic Distortion 


V||tg = 4.5V P _ P , F|n = 100kHz 
V|n = 5V P . P , Fjfsj = 1MHz 


Signal to Noise Ratio 
(RMS Signal to RMS Noise) 


HOLD MODE (50% Duty Cycle S/H) 


Total Harmonic Distortion Vis 


V|m = 4.5V P _ P , F||\g = 100kHz 


Signal to Noise Ratio V !N = 4.5V 

(RMS Signal to RMS Noise) 


SAMPLE AND HOLD CHARACTERISTICS 


V !N = 4.5V P _ P , Fin = 1 00kHz, Fg s 1 00kHz 
V| N = 5V P . P , F| N = 1MHz, F s s 1MHz ~~ 
V | jsg = 1V P . P , F |jsj = 10MHz, Fg = 1MHz 


V| N = 4.5V P . P , F, n = 1 00kHz, F s = 1 00kHz 


Acquisition Time 


OV to 2.0V Step to ±1mV 

OV to 2.0V Step to 0.01% (±200|nV) 

-2.5V to +2.5V Step to 0.01% (±500juV) 


Hold Step Error (V| L = OV, V iH = 4.0V, t R = 5ns) 


Hold Mode Settling Time (to ±1 mV) 


Hold Mode Feedthrough (5V P _ P , 500kHz, Sine) 


EADT (Effective Aperture Delay Time) 


Aperture Time (Note 2) 


Aperture Uncertainty 


POWER SUPPLY CHARACTERISTICS 


Positive Supply Current 


Negative Supply Current 


PSRR (+V or -V, 10% Delta) 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit 
tional operation under any of these conditions is not necessarily implied. 

2. Derived from Computer Simulation only, not tested. 

3. +CMRR is measured from 0V to +2.5V, -CMRR is measured from 0V to -2.5V. 
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HA5351 


Typical Performance Curves 
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PEDESTAL ERROR (mV) RISE TIME (ns) DROOP RATE (nV/jis) 
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Die Characteristics 

DIE DIMENSIONS: 

2530 x 1760 x 525 ±25.4(xm 
100 x 69 x 19 ±1 mils 

METALLIZATION: 

Type: Metal 1 : AISiCu/TiW 
Thickness: Metal 1 : 6kA ± 75oA 

Type: Metal 2: AlSiCu 
Thickness: Metal 2: 16kA ± 1.1 kA 

GLASSIVATION: 

Type: Sandwich Passivation 

Nitride - 4kA, Undoped Si Glass(USG) - 8kA, Total - 12kA ±2kA 

SUBSTRATE POTENTIAL: V- 
TRANSISTOR COUNT: 156 


Metallization Mask Layout 


GND GND 


V+ V+ V+ 



S/H CONTROL 


V- V- V- 
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SEMICONDUCTOR 


HA5352 


July 1995 


Fast Acquisition 
Dual Sample and Hold Amplifier 


Features 

• Fast Acquisition to 0.01% 70ns (Max) 

• Low Offset Error ±2mV (Max) 

• Low Pedestal Error ±1 OmV (Max) 

• Low Droop Rate 2pV/ps (Max) 

• Wide Unity Gain Bandwidth 40MHz 

• Low Power Dissipation per Amp 220mW (Max) 

• Total Harmonic Distortion (Hold Mode) -72dBc 

(V IN = 5V P _p at 1MHz) 

• Fully Differential Inputs 

• On Chip Hold Capacitor 


Applications 

• Synchronous Sampling 

• Wide Bandwidth A/D Conversion 

• Deglitching 

• Peak Detection 

• High Speed DC Restore 


Description 

The HA5352 is a fast acquisition, wide bandwidth Dual Sam- 
ple and Hold amplifier built with the Harris HBC-10 BiCMOS 
process. This Sample and Hold amplifier offers the combina- 
tion of features; fast acquisition time (70ns to 0.01%), excel- 
lent DC precision and extremely low power dissipation, 
making it ideal for use in multi-channel systems that require 
low power. 

The HA5352 comes in an open loop configuration with fully 
differential inputs providing flexibility for user defined feed- 
back. In unity gain the HA5352 is completely self-contained 
and requires no external components. The on-chip 15pF 
hold capacitors are completely isolated to minimize droop 
rate and reduce the sensitivity of pedestal error. The 
HA5352 Dual Sample and Hold is available in a 14 lead 
PDIP and 16 lead SOIC packages saving board space while 
its pinout is designed to simplify layout. 


Ordering Information 


PART TEMPERATURE 


-40°C to +85°C 1 4 Lead Plastic DIP 

-40°C to +85°C 1 6 Lead Plastic SOIC (W) 


Pinouts 


HA5352 (300 mil SOIC) 
TOP VIEW 



S/HI CONTROL 


S/H2 CONTROL 


HA5352 (PDIP) 
TOP VIEW 


MB 

MB s 

m, 


S/HI CONTROL 


S/H2 CONTROL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1 995 o -tn 


File Number 3394.4 






Specifications HA5352 


Absolute Maximum Ratings 


Operating Conditions 


Input Voltage (High) 

V.H 

+25°C, 

+85°C 



-40°C 

Input Voltage (Low) 

V,L 

Full 



Voltage Between V+ and V- Terminals +1 1 V Operating Temperature Range 

Differential Input Voltage +6V HA5352I -40°C < T A < +85°C 

Voltage between S/H control and ground +5.5V Storage Temperature Range -65°C < T A < +1 50°C 

Output Current, Continuous ±37mA Thermal Package Characteristics 0 JA 

Junction Temperature (Plastic Packages) +150°C Plastic DIP 90°C/W 

Lead Temperature (Soldering, 10s) +300°C SOIC 95°C/W 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions: Vsupply = ±5V; Ch = Internal = 15pF, Digital Input: V tL = +0.0V (Sample), V )H = 4.0V 
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C L = 5pF, Unless Otherwise 
Specified 


HA5352I 

PARAMETERS TEMP MIN TYP 


INPUT CHARACTERISTICS 


Input Voltage Range 


Input Resistance (Note 2) 


Input Capacitance 


Input Offset Voltage 


Offset Voltage Temperature Coefficient 


Bias Current 


Offset Current 


Common Mode Range 


Common Mode Rejection (±2.5V DC , Note 3) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (±2.5V OUT ) 


Unity Gain -3dB Bandwidth 


TRANSIENT RESPONSE 


Rise Time (200mV Step) 


Overshoot (200mV Step) 


Slew Rate (5V Step) 


DIGITAL INPUT CHARACTERISTICS 
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Specifications HA5352 


Electrical Specifications Test Conditions: Vsupply = ±5V; C H = Internal = 15pF, Digital Input: V| L = +0.0V (Sample), V !H = 4.0V 
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C L = 5pF, Unless Otherwise 
Specified (Continued) 


PARAMETERS 

TEMP 

HA5352I 

UNITS 

MIN 

TYP 

MAX 

Input Current (V )L = 0V) l| L 

Full 

-1 

- 

+1 

pA 

Input Current (V !H = 5V) l )H 

Full 

-1 

- 

+1 

pA 

OUTPUT CHARACTERISTICS 

Output Voltage (R L = 510ft) 

Full 

-3 

- 

+3 

V 

Output Current (R L = 100ft) 

+25°C, 

+85°C 

20 

25 

- 

mA 

-40°C 

15 

- 

- 

mA 

Full Power Bandwidth (5V P . P , A v = +1 , -3dB) 

Full 

- 

13 

- 

MHz 

Output Resistance - Hold Mode 

+25°C 

- 

0.02 

- 

ft 

TOTAL OUTPUT NOISE, D.C. TO 1 0MHz 

Sample Mode 

+25 9 C 

- 

325 

- 

pVrms 

Hold Mode 

+25°C 

- 

325 

- 

pVrms 

SAMPLE MODE DISTORTION CHARACTERISTICS 

Total Harmonic Distortion V iN = 4.5V P _ P , F| N = 100kHz 

+25°C 


-80 

-76 

dBc 

V,n = 5V P . P , F,n = 1 MHz 

+25°C 

- 

-74 

-69 

dBc 

V 1N = 1V P . P , F IN = 10MHz 

+25°C 

- 

-57 

-52 

dBc 

Signal to Noise Ratio V tN = 4.5V P _ P , F, N = 100kHz 

(RMS Signal to RMS Noise) 

+25°C 

- 

73 

- 

dB 

Crosstalk V iN = 5V P . P , F, N = 1 0MHz 

+25°C 

- 

75 

- 

dB 


HOLD MODE DISTORTION CHARACTERISTICS (50% Duty Cycle S/H) 


Total Harmonic Distortion V !N = 4.5V P . P , F (N = 1 00kHz, F s = 1 00kHz 

+25°C 

- 

-78 

-74 

dBc 

V )N = 5V P . P , F| N = 1 MHz, F s s 1 MHz 

+25°C 

- 

-72 

-67 

dBc 

V IN = 1V P . P , F, n = 10MHz, F s = 1MHz 

+25°C 

- 

-51 

-47 

dBc 

Signal to Noise Ratio V ]N = 4.5V P . P , F iN =1 00kHz, F s = 1 00kHz 

(RMS Signal to RMS Noise) 

+25°C 

- 

70 

- 

dB 


SAMPLE AND HOLD CHARACTERISTICS 


Acquisition Time 

0V to 2.0V Step to ±1 mV 

+25°C 

- 

53 

- 

ns 


0V to 2.0V Step to 0.01% (±200pV) 

+25°C 

- 

64 

70 

ns 


-2.5V to +2.5V Step to 0.01% (±500pV) 

+25°C 

- 

90 

100 

ns 



































































































Specifications HA5352 


Electrical Specifications Test Conditions: V gU pp LY = ±5V; C H = Internal = 15pF, Digital input: V| L = +0.0V (Sample), V, H = 4.0V 
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C L = 5pF, Unless Otherwise 
Specified (Continued) 




Hold Step Error (V, L = 0V, V, H = 4.0V, t R = 5ns) 


Hold Mode Settling Time (to ±1mV) 


Hold Mode Feedthrough (5V P _ P , 500kHz, Sine) 


EADT (Effective Aperture Delay Time) 


Aperture Time (Note 2) 


Aperture Uncertainty 


Aperture Match 


POWER SUPPLY CHARACTERISTICS 



Supply Current (per Amp) 

Full 

- 

20 

22 

mA 

Total Supply Current 

Full 

- 

40 

44 

mA 

PSRR (+V or -V, 10% Delta) 

Full i 

60 

74 

- 

dB 


1 . Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 

2. Derived from Computer Simulation only, not tested. 

3. +CMRR is measured from 0V to +2.5V, -CMRR is measured from 0V to -2.5 V. 
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HA5352 


Die Characteristics 

DIE DIMENSIONS: 

2530x3110x525 ±25.4pm 
1 00 x 1 22 x 1 9 ±1 mil 

METALLIZATION: 

Type: Metal 1: AISiCu/TiW 
Thickness: Metal 1 : 6kA ± 75oA 

Type: Metal 2: AlSiCu 
Thickness: Metal 2: 16kA± 1.1 kA 

GLASSIVATION: 

Type: Sandwich Passivation 

Nitride - 4kA, Undoped Si Glass(USG) - 8kA, Total - 12kA ±2kA 

SUBSTRATE POTENTIAL: V- 
TRANSISTOR COUNT: 312 

Metallization Mask Layout 

HA5352 

-INI GND1 GND1 V1+ V1+ V1 + 


S/H CONTROL1 


VqutI 
VoutI 

V2- 
V2- 
V2- 
v OUT 2 

VOUT 2 

S/H CONTROL2 

-IN2 GND2 GND2 V2+ V2+ V2+ 






SIGNAL PROCESSING a 

NEW RELEASES 


A/D CONVERTERS 


A/D CONVERTER DATA SHEETS 

Hill 79 8-Bit, 35 MSPS Video A/D Converter 

HI-5700 8-Bit, 20 MSPS Flash A/D Converter 

HI5702 10-Bit, 40 MSPS A/D Converter 

HI5703 10-Bit, 40 MSPS A/D Converter 

HI5705 Low Cost 10-Bit, 40 MSPS A/D Converter 

HI5710 10-Bit, 20 MSPS A/D Converter 

HI5714 8-Bit, 75 MSPS A/D Converter 

HI5800 12-Bit, 3 MSPS Sampling A/D Converter 

HI5805 12-Bit, 5 MSPS A/D Converter 

HI7188 8-Channel, 16-Bit High Precision Sigma-Delta A/D Converter 

HI7190 24-Bit High Precision Sigma Delta A/D Converter 
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RELATED APPLICATION NOTES AND TECH BRIEFS AVAILABLE ON AnswerFAX AnswerFAX 

DOCUMENT NO. 

AN8759 Low Cost Data Acquisition System Features SPI A/D Converter 98759 

AN9214 Using Harris High Speed A/D Converters 99214 

AN9215 Using the HI-5700 Evaluation Board 99215 

AN9216 Using the HI5701 Evaluation Board 99216 

AN9309 Using the HI5800/HI5801 Evaluation Board 99309 

AN9313 Circuit Considerations In Imaging Applications 99313 

AN9326 A Complete Analog-to-Digital Converter Operating From a Single 3.3V Power Supply 99326 

AN9328 Using the H1 11 66 Evaluation Board 99328 

AN9329 Using the Hill 76/HI1 1 71 Evaluation Board 93929 

AN9330 Using The H1 1396 Evaluation Board 99330 

AN9331 Using the Hill 75 Evaluation Board 99331 

AN9332 Using the H1 1276 Evaluation Board 99332 

AN9333 Using the H1 1386 Adapter Board 99333 
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RELATED APPLICATION NOTES AND TECH BRIEFS AVAILABLE ON AnswerFAX AnswerFAX 

DOCUMENT NO. 

AN9336 Multi-Meter Display Converter Eases DMM Design 99336 

AN9407 Using the HI1176/HI1179 Evaluation Board 99407 

AN9410 Using the HI5721 Evaluation Module 99410 

AN9411 Using the HI1 171 Evaluation Kit 99411 

AN9412 Using the HI5702 Evaluation Board 99412 

AN9413 Driving the Analog Input of the HI5702 99413 

AN9419 Using the DAC Reconstruct Board 99419 

AN9501 Understanding the HI5721 D/A Converter Spectral Specifications 99501 

AN9504 A Brief Introduction to Sigma Delta Conversion 99504 

AN951 1 Using the HI5710 Evaluation Board 99511 

TB322 Replacing an MP7684/MP7684A with an HI5700 82322 

TB323 Replacing An MP7682 With An HI5701 82323 

TB324 Clamping the Analog Input of the HI5800 82324 

TB329 Harris Sigma-Delta Calibration Technique 82329 

TB331 Using the HI7190 Serial Interface 82331 
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Features 

Resolution 8-Bit ±0.5 LSB (DNL) 

ENOB, 7.6 Bits 

Maximum Sampling Frequency 35 MSPS 

Low Power Consumption 80mW (at 35 MSPS Typ) 
(Reference Current Excluded) 

Built-In Input Clamp Function (DC Restore) 

No Sample/Hold Required 
Internal Voltage Reference 
Input CMOS Compatible 
Three-State TTL Compatible Output 
Single +5V Power Supply 
Low Input Capacitance 8pF (Typical) 

Reference Impedance 330Q (Typical) 

Evaluation Board Available: HI1179-EV 

Applications 

Desktop Video 
Multimedia 
Video Digitizing 
Image Scanners 

Low Cost High Speed Data Acquisition Systems 


8-Bit, 35 MSPS Video A/D Converter 


Description 

The Hill 79 is an 8-bit CMOS analog-to-digital converter for 
video use that features a sync clamp function. The adoption 
of a 2-step parallel method realizes low power consumption 
and a maximum conversion speed of 35 MSPS, allowing up 
to 8x over sampling of NTSC and PAL signals. 

The H1 11 79 is available in the Commercial temperature 
range and is supplied in 32 lead Plastic Metric Quad Flat- 
pack (MQFP) package. For lower sampling rates, refer to the 
Hill 76 data sheet. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HI1179JCQ 

0°C to +75°C 

v 32 Lead Plastic Metric 
Quad Flatpack 



Pmout 


Hill 79 (MQFP) 

TOP VIEW 


tf> |LU «o Q. JJi & 

O > U1 J > O K K 

Z D lo lo O O > > 


(LSB) DO | 
D1 | 
D2| 
D3 | 
D4 | 
D5 | 
D6 | 
(MSB) D7 | 


f 32 31 30 29 28 27 26 25 

M# 2 


9 10 11 12 13 14 15 16 


sjjattaj 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright ©Harris Corporation 1995 . - 


File Number 3666.1 
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Functional Block Diagram 


REFERENCE SUPPLY 


LOWER 

DATA 

LATCHES 


LOWER 

ENCODER 

(4-BIT) 


LOWER SAMPLING 
COMPARATORS 
(4-BIT) 


LOWER 

ENCODER 

(4-BIT) 


LOWER SAMPLING 
COMPARATORS 
(4-BIT) 


UPPER 

DATA 

LATCHES 


UPPER 

ENCODER 

(4-BIT) 


UPPER SAMPLING 
COMPARATORS 
(4-BIT) 


I CLOCK GENERATOR I 


CLE CCP V REF 







Specifications Hil 179 


Absolute Maximum Ratings Thermal Information 

Supply Voltage, V DD 7V Thermal Resistance 0j A 

Reference Voltage, V RT ,V RB V DD toV ss HI1179JCQ 122°C/W 

Analog Input Voltage, V (N V DD to V ss Operating Temperature, T A 0°C to +75°C 

Digital Input Voltage V DD to V S s Maximum Junction Temperature +1 50°C 

Digital Output Voltage, V 0H , V 0 l V DD to V ss 

Storage Temperature, T stg -55°C to +150°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions (Note i) 

Supply Voltage 

AV dd , AV ss , DV dd , DV ss +4.75V to +5.25V 

IDGND-AGNDI OmVto lOOmV 

Reference Input Voltage 

V RB OV and Above 

V RT 2.7V and Below 


Analog Input Voltage, V !N V RB to V RT (1.8V P . P to AV DD ) 

Clock Pulse Width 

T PW i 14ns (Min) 

T P wo 14ns (Min) 


Electrical Specifications F c = 35 msps, v dd = +5V, v RB = o.sv, v RT = 2.5 V, t a = + 25 °c (Note 1 ) 


PARAMETER 


SYSTEM PERFORMANCE 


TEST CONDITIONS 


Offset Voltage 
Eot 


e ob 


Integral Non-Linearity, (INL) 


Differential Non-Linearity, (DNL) 


DYNAMIC CHARACTERISTICS 


r c = 35 MSPS, V )N = 0.5V to 2.5V 


r. = 35 MSPS, V IN1 = 0.5V to 2.5V 


Maximum Conversion Speed, F c 


Minimum Conversion Speed, F c 


Differential Gain Error, DG 


Differential Phase Error, DP 


Aperture Jitter, *AJ 


Sampling Delay, t SD 


ANALOG INPUTS 


Analog Input Bandwidth, BW 


"in = 5MHz 


V| N = 0.5V to 2.5V, F tN = 1kHz Ramp 


V, N = 0.5V to 2.5V, F, n = 1kHz Ramp 


NTSC 40 IRE Mod Ramp, F c = 14.3 MSPS 


Analog Input Capacitance, C (N 


REFERENCE INPUT 


Reference Pin Current, l REF 


Reference Resistance (V RT to V RB ), R ref 


INTERNAL VOLTAGE REFERENCES 


Vim = 1.5V + 0.07Vr 


Short V RB to V R Q3 , Short V R j to V R j B 


Short V R j to V R js , Short V RB to AVgg 



H5 


A/D 

CONVERTERS 




































































































Specifications Hill 79 


Electrical Specifications f c = 35 msps, v dd = +5V, v RB = o.5V, v RT = 2.5V, t a = + 25 °c (Note 1 ) (Continued) 


PARAMETER 


DIGITAL INPUTS 


Digital Input Voltage 
Vih 


V, L 


Digital Input Current 


TEST CONDITIONS 


MIN TYP MAX 



Output Data Delay, t D 


Output Enable/Disable Delay 


POWER SUPPLY CHARACTERISTIC 


Supply Current, l DD 


CLAMP CHARACTERISTICS 


Clamp Offset Voltage, E 0 c 


Clamp Pulse Delay, tcpo 


Fc = 35 MSPS, NTSC Ramp Wave Input 


V| N = DC, PWS = 3ps V REF = 0.5V 


16 22 



1 . Electrical specifications guaranteed only under the stated operating conditions. 


Timing Diagrams 


ANALOG INPUT 


DATA OUTPUT 



O : POINT FOR ANALOG SIGNAL SAMPLING 


























































































HI1179 


Timing Diagrams (Continued) 


ANALOG INPUT 



EXTERNAL CLOCK 


UPPER COMPARATOR BLOCK I S (1) I C(1) I S (2) I C (2) I S (3) I C (3) I S (4) I C (4) 


MD (0) 1C MD (1) 


MD (2) 1C MD (3) 


LOWER REFERENCE VOLTAGE 


LOWER COMPARATOR BLOCK A I S(1) I H (1) I C (1) I S (3) I H (3) I C (3) 


LOWER DATA A 


LOWER COMPARATOR BLOCK B « (0) C (0) S (2) H (2) C (2)1 S (4)1 H (4) 


LOWER DATA B LD (-2) 


DIGITAL OUTPUT 


out (- 2) ir out (-i) yr out(o) ir out( 1) 


7V (*PZL» *PLz) 


FROM OUTPUT 
UNDER TEST 


OPEN 
(tpZH. *PHz) 



DATA 
OUTPUT 
WAVEFORM 1 


DATA 
OUTPUT 
WAVEFORM 2 



FIGURE 3A. THREE-STATE LOAD CIRCUIT 


FIGURE 3B. THREE-STATE OUTPUT ENABLE/DISABLE TIMES 


FIGURE 3. 
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ENOB ENOB 


HI1179 


Typical Performance Curves f c = 35 msps, t a = +25°c, umess otherwise specified 



F, n (MHz) F in (MHz) 

FIGURE 4. ENOB vs INPUT FREQUENCY FIGURE 5. HARMONICS vs INPUT FREQUENCY 



CLOCK FREQUENCY (MHz) TEMPERATURE (°C) 

FIGURE 6. ENOB vs CLOCK FREQUENCY FIGURE 7. THD vs TEMPERATURE 



TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 8. ENOB vs TEMPERATURE 


FIGURE 9. SFDR vs TEMPERATURE 





OUTPUT LEVEL (dB) 


Hill 79 
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Hill 79 


Pin Number Description (Continued) 


PIN 

NUMBER 

SYMBOL 

11, 13,14 

TEST 

15 

CLP 

16, 19, 20 

o 

o 

> 

< 

17 

V RTS 

18 

Vrt 

24 

V RB 

21 

V| N 

22, 23 

AV SS 



DESCRIPTION 


Pin 11 must be connected to DV dd . Pin 13, and 
Pin 14 must be connected to DV dd or DV SS . Used 
for test purposes only. 


Clamp pulse input. The input signal voltage is 
clamped to V REF while the clamp pulse is low. 


Analog +5V. 

When shorted with V RT , generates approximately 
+2.6V. 


Reference voltage (top). 


Reference voltage (bottom). 


Analog input. 


Analog ground. 

When shorted with V RB , generates approximately 
+0.5V. 






































HI1179 


Pin Number Description (Continued) 



PIN 

NUMBER 

SYMBOL 

EQUIVALENT CIRCUIT 

DESCRIPTION 






Integrates the voltage for clamp control. 
CCP and V !N voltage changes are in phase. 


Digital ground. 


When CLE is low, clamp function is activated. 
When CLE is high, clamp function is OFF and only 
the usual A/D conve rter function is active. 

By connecting CLE pin to DV dd via a several hun- 
dred Q resistance, the clamp pulse can be tested. 


When OE is low, data is valid. 

When OE is high, DO to D7 pins are high imped- 
ance. 


A/D OUTPUT CODE TABLE 


INPUT SIGNAL 


DIGITAL OUTPUT CODE 

VOLTAGE 

STEP 

MSB 







LSB | 




Vrt 

255 

1 

1 

1 

1 

1 

1 

1 

1 


• 





• 




• 

• 





• 




• 

128 

1 

0 

0 

0 

0 

0 

0 

0 


127 

0 

1 

1 

1 

1 

1 

1 

1 


• 





• 




Q 

• 





• 





• 





• 




V RB 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Detailed Description 

The H1 11 79 is a 2-step A/D converter featuring a 4-bit upper 
comparator group and two lower comparator groups of 4 bits 
each. The reference voltage can be obtained from the 
onboard bias generator or be supplied externally. This 1C uses 
an offset canceling type comparator that operates synchro- 
nously with an external clock. The operating modes of the part 
are input sampling/autozero (S), hold (H), and compare (C). 

The operation of the part is illustrated in Figure 2. A reference 
voltage that is between V RT -V RB is constantly applied to the 
upper 4-bit comparator group. V|(1) is sampled with the falling 
edge of the first clock by the upper comparator block. The 
lower block A also samples Vj(1 ) on the same edge. The 
upper comparator block finalizes comparison data MD(1) with 
the rising edge of the first clock. Simultaneously the reference 
supply generates a reference voltage RV(1) that corresponds 
to the upper results and applies it to the lower comparator 
block A. The lower comparator block finalizes comparison 
data LD(1) with the rising edge of the second clock. MD(1) 
and LD(1) are combined and output as OUT(1) with the rising 
edge of the third clock. There is a 2.5 clock cycle delay from 
the analog input sampling point to the corresponding digital 
output data. Notice how the lower comparator blocks A and B 
alternate generating the lower data in order to increase the 
overall A/D sampling rate. 

Power, Grounding, and Decoupling 

Separate analog and digital grounds to reduce noise effects, 
connecting them at a single point near the Hill 79. Analog 
and digital power should also be separated for optimum per- 
formance. If a single 5V supply is used, isolate the analog 
and digital power with an inductor or ferrite bead to minimize 
the digital noise on the analog supply. 

Bypass both the digital and analog V DD pins to their respec- 
tive grounds with a ceramic 0.1 pF capacitor close to the pin. 

Analog Input 

The analog input capacitance is small when compared with 
other flash type A/D converters. However, it is necessary to 
drive the input with a low impedance source with sufficient 
bandwidth and drive capability. 

Op amps such as the HA-2544, the HA5020 and the 
HFA1100 family should make excellent input amplifiers 
depending on the applications requirements. In order to 
prevent parasitic oscillation, it may be necessary to insert a 
resistor between the output of the amplifier and the A/D input. 

The input can be AC or DC coupled. If AC coupled the input 
will float to about 1/2(V RT + V RB ). The other option is to use 
the internal clamp, which will be discussed later. When DC 
coupl ing the input be sure to disable the clamp function 
(CLE, pin 29). 


Reference Input 

The Hill 79 has an internal reference with the option to use 
an external reference if more accuracy is desired. 

The analog input range of the A/D is set by the voltage 
between V RT and V RB . The internal reference can be used 
by shorting V RT to V RTS and V RB to V RBS . The internal bias 
generator will set V RT to about 2.6V and V RB to about 0.6V. 
The analog input range of the A/D will now be from 0.6V to 
2.6 V. The internal reference may be subjected to power sup- 
ply variations since the internal reference resistor ladder is 
connected directly to V DD and V ss . Any supply variations 
can be minimized by good decoupling of V RT and V RB . 

An external reference can be used for increased accuracy, 
by connecting the reference voltage to V RT and V RB . If an 
external reference is used, V RT should be keep below 2.8V 
and (V RT - V RB ) should be less than 2.8V and greater than 
1 .8V. If a V RB below +0.6V is used the linearity of the part 
may degrade. An ICL8069 reference and a dual op amp, 
with outputs connect to V RT and V RB , makes a good, low 
cost external reference. 

Bypass V RT and V RB to analog ground with a 0.1 pF capaci- 
tor when using either internal or external references. 

Clamp Operation 

The Hill 79 provides a clamp (DC restore) option that allows 
the user to clamp a portion of the analog input to a voltage 
set by the V REF pin before t he si gnal is digitized. The clamp 
function is enabled by tying CLE low. In this case a negative 
going pulse is sent to the CLP pin. V )N will now be clamped 
during the low period of the clamp pulse to the voltage on 
the V REF pin. Figure 1 5 shows the HI1 1 79 configured for this 
mode of operation. The clamp pulse is latched by the ADC 
sampling clock through an external latch. This is not neces- 
sary to the operation of the clamp function but in video appli- 
cations, if this is not done, then a slight beat might be 
generated as vertical sag according to the relation between 
the sampling frequency and the clamp frequency. The pulse 
width of the input clamp pulse will depend on the input sig- 
nal. For example, a 1 pis pulse width will allow the user to 
clamp the back porch of an NTSC input signal to the refer- 
ence voltage, V REF . 

The clamp can be disabled by tying CLE high and then the 
Hill 79 acts like a normal A/D converter, accepting a DC 
coupled input. The Typical Application Schematic illustrates 
the operation of Hill 79 when the clamp function is not used. 

Additional information on the Hill 79 is available in Applica- 
tion Note #9407, “Using the Hill 76/HI1 1 79 Evaluation 
Board”. 
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Typical Application Circuits 



FIGURE 15. INPUT CLAMP APPLICATION (INTERNAL REFERENCE USED) 


ICL8069 



HA5020 (Single) HI1 179 (8-Bit) HSP9501 

HA5022(Dual) HSP48410 

HA5024 (Quad) HSP48908 

HA501 3 (Triple) HSP48901 

HFA1105(Single) HSP48212 

HFA1205(Dual) HSP43881 

HFA1 405(Quad) HSP431 68 

HSP9501 : Programmable Data Buffer 
HSP48410: Histogrammer/Accumulating Buffer, 10-Bit Pixel Resolution, 4K x 4K Frame Size 
HSP48908: 2-D Convolver, 3x3 Kernal Convolution, 8-Bit 
HSP48901 : 3 x 3 Image Filter, 30MHz, 8-Bit 
HSP48212: Video Mixer 

HSP43881: Digital Filter, 30MHz, 1-D and 2-D FIR Filters 
HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 

CMOS Logic Available in HC, HCT, AC, ACT and FCT. 

FIGURE 16. 8-BIT VIDEO COMPONENTS 


HI1171 (8-Bit) HA5020 (Single) 

CA3338 (8-Bit) HA2842 (Single) 

HFA1 115 (Single) 
HFA1212 (Dual) 
HFA1412 (Quad) 
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Static Performance Definitions 


Offset, full-scale, and gain all use a measured value of the 
internal voltage reference to determine the ideal plus and 
minus full-scale values. The results are all displayed in 
LSB's. 

Offset Error (VOS) 

The first code transition should occur at a level 1/2 LSB 
above the negative full-scale. Offset is defined as the devia- 
tion of the actual code transition from this point. Note that 
this is adjustable to zero. 

Full-Scale Error (FSE) 

The last code transition should occur for a analog input that 
is 1 and 1/2 LSB's below positive full-scale. Full-scale error 
is defined as the deviation of the actual code transition from 
this point. 

Differential Linearity Error (DNL) 

DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. The converter is guaranteed to have no 
missing codes. 

Integral Linearity Error (INL) 

INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 

Dynamic Performance Definitions 

Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the Hill 79. A low distortion 
sine wave is applied to the input, it is sampled, and the out- 
put is stored in RAM. The data is then transformed into the 
frequency domain with a 1024 point FFT and analyzed to 
evaluate the dynamic performance of the A/D. The sine 
wave input to the part is -0.5dB down from fullscale for all 
these tests. The distortion numbers are quoted in dBc (deci- 
bels with respect to carrier) and DO NOT include any correc- 
tion factors for normalizing to fullscale. 

Signal-to-Noise Ratio (SNR) 

SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 

Signal-to-Noise + Distortion Ratio (SINAD) 

SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding 
DC. 

Effective Number Of Bits (ENOB) 

The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 

ENOB = (SINAD - 1 .76 + V CO rr) / 6.02 

where: V CO rr = 0.5dB 


Total Harmonic Distortion 

This is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the measured input signal. 

2nd and 3rd Harmonic Distortion 

This is the ratio of the RMS value of the 2nd and 3rd har- 
monic component respectively to the RMS value of the mea- 
sured input signal. 

Spurious Free Dynamic Range (SFDR) 

SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent. If the harmonics are buried in the noise floor it is the 
largest peak. 

Full Power Input Bandwidth 

Full power bandwidth is the frequency at which the ampli- 
tude of the digitally reconstructed output has decreased 3dB 
below the amplitude of the input sine wave. The input sine 
wave has a peak-to-peak amplitude equal to the reference 
voltage. The bandwidth given is measured at the specified 
sampling frequency. 


Timing Definitions 

Sampling Delay (t SD ) 

Sampling delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 

Aperture Jitter (t AJ ) 

This is the RMS variation in the sampling delay due to varia- 
tion of internal clock path delays. 

Data Latency (t LAT ) 

After the analog sample is taken, the data on the bus is 
available after 2.5 cycles of the clock. This is due to the 
architecture of the converter where the data has to ripple 
through the stages. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input by 2.5 cycles. 

Output Data Delay (t D ) 

Output Data Delay is the delay time from when the data is valid 
(rising clock edge) to when it shows up at the output bus. This is 
due to internal delays at the digital output. 
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HI-5700 


HARRIS 

SEMICONDUCTOR 

December 1993 8 -Bit, 20 WISPS Flash A/D Converter 

Features 

• 20MSPS with No Missing Codes 

• 18MHz Full Power Input Bandwidth 

• No Missing Codes Over Temperature 

• Sample and Hold Not Required 

• Single +5V Supply Voltage 

• CMOS/TTL 

• Overflow Bit 

• Improved Replacement for MP7684 

• Evaluation Board Available 

• /883 Version Available 

Applications 

• Video Digitizing 

• Radar Systems 

• Medical Imaging 

• Communication Systems 

• High Speed Data Acquisition Systems 


Pinout 



HI-5700 



(PDIP, SOIC) 



TOP VIEW 
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15] CE2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pj| e Number 31 74.3 

Copyright © Harris Corporation 1995 . 1 R 


Description 

The HI-5700 is a monolithic, 8-bit, CMOS Flash Analog-to- 
Digital Converter. It is designed for high speed applications 
where wide bandwidth and low power consumption are 
essential. Its 20 MSPS speed is made possible by a parallel 
architecture which also eliminates the need for an external 
sample and hold circuit. The HI-5700 delivers ±0.5 LSB dif- 
ferential nonlinearity while consuming only 725mW (typical) 
at 20 MSPS. Microprocessor compatible data output latches 
are provided which present valid data to the output bus 1 .5 
clock cycles after the convert command is received. An 
overflow bit is provided to allow the series connection of two 
converters to achieve 9-bit resolution. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HI3-5700J-5 

0°C to +70°C 

28 Lead Plastic DIP 

HI9P5700J-5 

0°C to +70°C 

28 Lead Plastic SOIC (W) 

HI3-5700A-9 

-40°C to +85°C 

28 Lead Plastic DIP 

HI9P5700A-9 

-40°C to +85°C 

28 Lead Plastic SOIC (W) 
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Functional Block Diagram 
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Specifications HI-5700 


Absolute Maximum Ratings Thermal Information 

Supply Voltage, V DD to GND (GND - 0.5) < V DD < +7.0V Thermal Resistance 0 JA 

Analog and Reference Input Pins . . . .(V ss - 0.5) < V INA < (V DD +0.5V) HI3-5700J-5, HI3-5700A-9 55°C/W 

Digital I/O Pins (GND - 0.5) < V, /0 < (V DD +0.5V) HI9P5700J-5, HI9P5700A-9 75°C/W 

Storage Temperature Range -65°C to +150°C Maximum Power Dissipation +70°C 1 .05W 

Lead Temperature (Soldering, 10s) 300°C Operating Temperature Range 

(SOIC - Lead Tips Only) HI3-5700J-5, HI9P5700J-5 0°C to +70°C 

HI3-5700A-9, HI9P5700A-9 -40°C to +85°C 

Junction Temperature . . . +150°C 

CAUTION: Stresses above those listed in the "Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Electrical Specifications 


AV dd = V DD = +5.0V; V REF+ = +4.0V; V REF . = GND = AGND = 
50% Duty Cycle; C L = 30pF; Unless Otherwise Specified 


= Specified Clock Frequency at 



Integral Linearity Error (INL) 
(Best Fit Method) 


Differential Linearity Error (DNL) 
(Guaranteed No Missing Codes) 


Offset Error (VOS) 


Full Scale Error (FSE) 


DYNAMIC CHARACTERISTICS 


Maximum Conversion Rate 


Minimum Conversion Rate 


Full Power Input Bandwidth 


Signal to Noise Ratio (SNR) 

- RMS Signal 
RMS Noise 


Signal to Noise and Distortion Ratio 
(SINAD) 

RMS Signal 


RMS Noise + Distortion 


Total Harmonic Distortion (THD) 


Differential Gain 


Differential Phase Error 


F s = 15MHz, f,N = DC 
F s = 20MHz, f, N = DC 


No Missing Codes 


No Missing Codes (Note 2) 



s = 15MHz, f 1N = 
s = 15MHz, f, N = 
2 = 1 5MHz, f||sj = 
2 = 20MHz, f !N = 
2 = 20MHz, f, N = 
2 = 20MHz, f, N = 


15MHz, f, N = 
15MHz, f, N = 
15MHz, f IN = 
20MHz, f, N = 
20MHz, f, N = 
20MHz. f,M = 


2 = 14MHz, f,N = 


100kHz 

3.58MHz 

4.43MHz 

100kHz 

3.58MHz 

4.43MHz 
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Specifications HI-5700 


Electrical Specifications AV dd = V DD = +5.0V; V REF+ = +4.0V; V REF . = GND = AGND = OV; F s = Specified Clock Frequency at 
50% Duty Cycle; C L = 30pF; Unless Otherwise Specified (Continued) 


PARAMETER 

TEST CONDITION 

+25°C 

(NOTE 2) 

0°C TO +70°C 
-40°C TO +85°C 

UNITS 

MIN 

TYP 

MAX 

MIN 

MAX 

ANALOG INPUTS 

Analog Input Resistance, R iN 

V,n = 4V 

■PM 

10 

. 

■IB 

- 

■■ 

Analog Input Capacitance, C )N 

V, N = 0V 

1 

60 

- 


- 

WEm 

Analog Input Bias Current, IB 

V| N = OV, 4V 

II 

±0.01 

±1.0 

B 

±1.0 

WBM 

REFERENCE INPUTS 

Total Reference Resistance, R L 


250 

330 

- 

235 

- 

n 

Reference Resistance Tempco, T c 


- 

+0.31 

• 

- 

- 

Q/° C 

DIGITAL INPUTS 

Input Logic High Voltage, V iH 


2.0 

mm 

B 

2.0 

|| 


Input Logic Low Voltage, V (L 


- 

■ 

mm 

- 

| 

mm 

Input Logic High Current, l )H 

Vin = 5V 

- 

■EB 

Bl 

- 

mm 


Input Logic Low Current, l| L 

V,N = 0V 

- 


1.0 

- 

1.0 


Input Capacitance, C jN 


- 

B 

* 

- 

- 

B 

DIGITAL OUTPUTS 

Output Logic Sink Current, l 0 i_ 

Vo = 0.4V 

3.2 

- 

- 

3.2 

- 


Output Logic Source Current, l 0H 

V 0 = 4.5V 

-3.2 

- 

- 

-3.2 

- 


Output Leakage, l oz 

CE2 = OV, V 0 = OV, 5V 

- 

- 

±1.0 

- 

±1.0 


Output Capacitance, C 0UT 

CE2 = OV 

- 

5.0 

• 

- 

- 

Bi 

TIMING CHARACTERISTICS 

Aperture Delay, t AP 


- 

6 

- 

- 

- ■ 

mm 

Aperture Jitter, t AJ 


- 

30 

- 

- 

- 


Data Output Enable Time, t EN 


- 

18 

25 

- 

30 

■9 

Data Output Disable Time, t D | S 


- 

15 

20 

- 

25 


Data Output Delay, 


- 

20 

25 

- 

30 


Data Output Hold, t H 


10 

20 

- 

5 

- 

bei 

POWER SUPPLY REJECTION 

Offset Error PSRR, AVOS 

V DD = 5 V ±10% 

- 

±0.1 

B 

- 

B 

LSB 

Gain Error PSRR, AFSE 

V DD = 5V ±10% 

- 

±0.1 

EH 

- 

B 

LSB 

POWER SUPPLY CURRENT 

Supply Current, l DD 

F s = 20MHz 

- 

145 

180 

- 

190 

mA 


NOTES: 

1. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


2. Parameter guaranteed by design or characterization and not production tested. 
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HI-5700 



0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 -60 " 40 -20 0 +20 +40 +60 +80 +100 +120 +140 


INPUT FREQUENCY - f IN (MHz) TEMPERATURE (°C) 

FIGURE 3. EFFECTIVE NUMBER OF BITS vs f, N FIGURE 4. EFFECTIVE NUMBER OF BITS vs TEMPERATURE 



TEMPERATURE (°C) 


FIGURE 5. SNR vs TEMPERATURE 



TEMPERATURE (°C) 


FIGURE 7. INL vs TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 

FIGURE 6. TOTAL HARMONIC DISTORTION vs TEMPERATURE 



TEMPERATURE (°C) 


FIGURE 8. DNL vs TEMPERATURE 
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Typical Performance Curves (Continued) 



TEMPERATURE (°C) 

FIGURE 9. OFFSET VOLTAGE vs TEMPERATURE 



TEMPERATURE (°C) 

FIGURE 11. OUTPUT DELAY vs TEMPERATURE 



TEMPERATURE (°C) 

FIGURE 10. FULL SCALE ERROR vs TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


TEMPERATURE (°C) 

FIGURE 12. POWER SUPPLY REJECTION vs TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

TEMPERATURE (°C) 

FIGURE 13. SUPPLY CURRENT vs TEMPERATURE 
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TABLE 1. PIN DESCRIPTION 


PIN# 

NAME 

DESCRIPTION 

1 

CLK 

Clock Input 

2 

D7 

Bit 7, Output (MSB) 

3 

D6 

Bit 6, Output 

4 

D5 

Bit 5, Output 

5 

D4 

Bit 4, Output 

6 

V 4 R 

V 4 th Point of Reference Ladder 

7 

V DD 

Digital Power Supply 

8 

GND 

Digital Ground 

9 

3 / 4 R 

3 / 4 th Point of Reference Ladder 

10 

D3 

Bit 3, Output 

11 

D2 

Bit 2, Output 

12 

D1 

Bit 1 , Output 

13 

DO 

Bit 0, Output (LSB) 

14 

OVF 

Overflow, Output 

15 

CE2 

Three-State Output Enable Input, Active High. 
(See Table 2) 

16 

ceT 

Three-State Output Enable Input, Active Low. 
(See Table 2) 

17 

Vref+ 

Reference Voltage Positive Input 

18 

av dd 

Analog Power Supply, +5V 

19 

AGND 

Analog Ground 

20 

AGND 

Analog Ground 

21 

o 

o 

> 

< 

Analog Power Supply, +5V 

22 

V 2 r 

V 2 Point of Reference Ladder 

23 

av dd 

Analog Power Supply, +5V 

24 

AGND 

Analog Ground 

25 

AGND 

Analog Ground 

26 

av dd 

Analog Power Supply, +5V 

27 

Vref- 

Reference Voltage Negative Input 

28 

Vin 

Analog Input 


TABLE 2. CHIP ENABLE TRUTH TABLE 



X’s = Don’t Care. 

Theory of Operation 

The HI-5700 is an 8-bit analog-to-digital converter based on 
a parallel CMOS “flash” architecture. This flash technique is 
an extremely fast method of A/D conversion because all bit 
decisions are made simultaneously. In all, 256 comparators 
are used in the HI-5700: (2 8 -1) comparators to encode the 


output word, plus an additional comparator to detect an 
overflow condition. 

The CMOS HI-5700 works by alternately switching between 
a “Sample” mode and an “Auto Balance” mode. Splitting up 
the comparison process in this CMOS technique offers a 
number of significant advantages. The offset voltage of each 
CMOS comparator is dynamically canceled with each 
conversion cycle such that offset voltage drift is virtually 
eliminated during operation. The block diagram and timing 
diagram illustrate how the HI-5700 CMOS flash converter 
operates. 

The input clock which controls the operation of the HI-5700 
is first split into a non-inverting <j>1 clock and an inverting 4>2 
clock. These two clocks, in turn, synchronize all internal tim- 
ing of analog switches and control logic within the converter. 

In the “Auto Balance” mode (<j>1), all <t>1 switches close and 
<J>2 switches open. The output of each comparator is 
momentarily tied to its own input, self-biasing the 
comparator midway between GND and Vq D and presenting 
a low impedance to a small input capacitor. Each capacitor, 
in turn, is connected to a reference voltage tap from the 
resistor ladder. The Auto Balance mode quickly precharges 
all 256 input capacitors between the self-bias voltage and 
each respective tap voltage. 

In the “Sample” mode (<|)2), all <j)1 switches open and <j)2 
switches close. This places each comparator in a sensitive 
high gain amplifier configuration. In this open loop state, the 
input impedance is very high and any small voltage shift at 
the input will drive the output either high or low. The <j>2 state 
also switches each input capacitor from its reference tap to 
the input signal. This instantly transfers any voltage differ- 
ence between the reference tap and input voltage to the 
comparator input. All 256 comparators are thus driven simul- 
taneously to a defined logic state. For example, if the input 
voltage is at mid-scale, capacitors precharged near zero 
during <J>1 will push comparator inputs higher than the self 
bias voltage at <f>2; capacitors precharged near the reference 
voltage push the respective comparator inputs lower than 
the bias point. In general, all capacitors precharged by taps 
above the input voltage force a “low” voltage at comparator 
inputs: those precharged below the input voltage force “high” 
inputs at the comparators. 

During the next <))1 Auto-Balancing state, comparator output 
data is latched into the encoder logic block and the first 
stage of encoding takes place. The following <j>2 state com- 
pletes the encoding process. The 8 data bits (plus overflow 
bit) are latched into the output flip-flops at the next falling 
clock edge. The Overflow bit is set if the input voltage 
exceeds V REF + - 0.5 LSB. The output bus may be either 
enabled or disabled according to the state of CE1 and CE2 
(See Table 2). When disabled, output bits assume a high 
impedance state. 

As shown in the timing diagram, the digital output word 
becomes valid after the second <j>1 state. There is thus a one 
and a half cycle pipeline delay between input sample and 
digital output. “Data Output Delay” time indicates the slight 
time delay for data to become valid at the end of the <J)1 
state. 
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FIGURE 15. TEST CIRCUIT 


Applications Information 

Voltage Reference 

The reference voltage is applied across the resistor ladder 
between V REF + and V REF -. In most applications, V REF - is 
simply tied to analog ground such that the reference source 
drives V REF +. The reference must be capable of supplying 
enough current to drive the minimum ladder resistance of 
235Q over temperature. 

The HI-5700 is specified for a reference voltage of 4.0V, but 
will operate with voltages as high as the V DD supply. In the 
case of 4.0V reference operation, the converter encodes the 
analog input into a binary output in LSB increments of 
(Vref + " V ref -)/ 256, or 15.6mV. Reducing the reference 
voltage reduces the LSB size proportionately and thus 
increases linearity errors. The minimum practical reference 
voltage is about 2.5V. Because the reference voltage termi- 
nals are subjected to internal transient currents during con- 
version, it is important to drive the reference pins from a low 
impedance source and to decouple thoroughly. Again, 
ceramic and tantalum (0.01 pF and lOpF) capacitors near 
the package pin are recommended. It is not necessary to 
decouple the V 4 R, V 2 R, and 3 / 4 R tap point pins for most 
applications. 

It is possible to elevate V REF - from ground if necessary. In 
this case, the V REF - pin must be driven from a low imped- 
ance reference capable of sinking the current through the 
resistor ladder. Careful decoupling is again recommended. 

Digital Control and Interface 

The HI-5700 provides a standard high speed interface to 
external CMOS and TTL logic families. Two chip enable 
inputs control the three-state outputs of output bits DO 


through D7 and the Overflow (OVF) bit. As indicated in the 
Truth Table, all output bits are high impedance when CE2 is 
low, and outpu t bits DO through D7 are independently con- 
trolled by CE1. 

Although the Digital Outputs are capable of handling typical 
data bus loading, the bus capacitance charge/discharge cur- 
rents will produce supply and local group disturbances. 
Therefore, an external bus driver is recommended. 

Clock 

The clock should be properly terminated to digital ground 
near the clock input pin. Clock frequency defines the conver- 
sion frequency and controls the converter as described in 
the “Theory of Operation” section. The Auto Balance <j>1 half 
cycle of the clock may be reduced to approximately 20ns; 
the Sample (j)2 half cycle may be varied from a minimum of 
25ns to a maximum of 5ps. 

Signal Source 

A current pulse is present at the analog input (V !N ) at the 
beginning of every sample and auto balance period. The 
transient current is due to comparator charging and switch 
feedthrough in the capacitor array. It varies with the ampli- 
tude of the analog input and the converter’s sampling rate. 

The signal source must absorb these transients prior to the 
end of the sample period to ensure a valid signal for conver- 
sion. Suitable broad band amplifiers or buffers which exhibit 
low output impedance and high output drive include the HA- 
5004, HA-5002, and HA-5003. 






HI-5700 


The signal source may drive above or below the power supply 
rails, but should not exceed 0.5V beyond the rails or damage 
may occur. Input voltages of -0.5V to +0.5 LSB are converted 
to all zeroes; input voltages of V RE p+ -0.5 LSB to V DD +0.5V 
are converted to all ones with the Overflow bit set. 

Full Scale Offset Error Adjustment 

In applications where accuracy is of utmost importance, 
three adjustments can be made; i.e., offset, gain, and refer- 
ence tap point trims. In general, offset and gain correction 
can be done in the preamp circuitry. 

Offset Adjustment 

Offset correction can be done in the preamp driving the con- 
verter by introducing a DC component to the input signal. An 
alternate method is to adjust V REF - to produce the desired 
offset. It is adjusted such that the 0 to 1 code transition 
occurs at 0.5 LSB. 

Gain Adjustment 

In general, full scale error correction can be done in the 
preamp circuitry by adjusting the gain of the op amp. An 
alternate method is to adjust the V REF + voltage. The refer- 
ence voltage is the ideal location. 

Quarter Point Adjustment 

The reference tap points are brought out for linearity adjust- 
ment or creating a nonlinear transfer function if desired. It is 


not necessary to decouple the V 4 R, V 2 R, and 3 / 4 R tap 
points in most applications. 

Power Supplies 

The HI-5700 operates nominally from 5V supplies but will 
work from 3V to 6 V. Power to the device is split such that 
analog and digital circuits within the HI-5700 are powered 
separately. The analog supply should be well regulated and 
“clean” from significant noise, especially high frequency 
noise. The digital supply should match the analog supply 
within about 0.5V and should be referenced externally to the 
analog supply at a single point. Analog and digital grounds 
should not be separated by more that 0.5V. It is recom- 
mended that power supply decoupling capacitors be placed 
as close to the supply pins as possible. A combination of 
0.01 pF ceramic and lOpF tantalum capacitors is recom- 
mended for this purpose as shown in the test circuit. 

Reducing Power Consumption 

Power dissipation in the HI-5700 is related to clock 
frequency and clock duty cycle. For a fixed 50% clock duty 
cycle, power may be reduced by lowering the clock 
frequency. For a given conversion frequency, power may be 
reduced by decreasing the Auto-Balance (<|)1) portion of the 
clock duty cycle. This relationship is illustrated in the 
performance curves. 


TABLE 3. CODE TABLE 


CODE 

DESCRIPTION 


INPUT VOLTAGE t 
Vr EF + = 4.0V 
Vref" = 0.0V 
(V) 



BINARY OUTPUT CODE 


DECIMAL 

COUNT 


192 0 



1|0 0 0 0 0 0 


128 01 0 0 0 0 0 0 0 


64 0 010 0 0 0 0 


1 00000000 
0 00000000 


t The voltages listed above represent the ideal transition of each output code shown as a function of the reference voltage. 
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Glossary of Terms 

Aperture Delay: Aperture delay is the time delay between 
the external sample command (the rising edge of the clock) 
and the time at which the signal is actually sampled. This 
delay is due to internal clock path propagation delays. 

Aperture Jitter: This is the RMS variation in the aperture delay 
due to variation of internal and <|)2 clock path delays and vari- 
ation between the individual comparator switching times. 

Differential Linearity Error (DNL): The differential linearity 
error is the difference in LSBs between the spacing of the 
measured midpoint of adjacent codes and the spacing of ideal 
midpoints of adjacent codes. The ideal spacing of each mid- 
point is 1.0 LSB. The range of values possible is from -1.0 
LSB (which implies a missing code) to greater than +1 .0 LSB. 

Full Power Input Bandwidth: Full power input bandwidth is 
the frequency at which the amplitude of the fundamental of 
the digital output word has decreased 3dB below the ampli- 
tude of an input sine wave. The input sine wave has a peak- 
to-peak amplitude equal to the reference voltage. The band- 
width given is measured at the specified sampling frequency. 

Full Scale Error (FSE): Full Scale Error is the difference 
between the actual input voltage of the 254 to 255 code tran- 
sition and the ideal value of V REF + - 1.5 LSB. This error is 
expressed in LSBs. 

Integral Linearity Error (INL): The integral linearity error is the 
difference in LSBs between the measured code centers and 
the ideal code centers. The ideal code centers are calculated 
using a best fit line through the converter’s transfer function. 


LSB: Least Significant Bit = (V REF + - V REF -)/256. All HI- 
5700 specifications are given for a 15.6mV LSB size V REF + 
= 4.0V, V REF - = 0.0V. 

Offset Error (VOS): Offset error is the difference between the 
actual input voltage of the 0 to 1 code transition and the ideal 
value of V REF - + 0.5 LSB, V 0 s Error is expressed in LSBs. 

Power Supply Rejection Ratio (PSRR): PSRR is expressed in 
LSBs and is the maximum shift in code transition points due to a 
power supply voltage shift. This is measured at the 0 to 1 code 
transition point and the 254 to 255 code transition point with a 
power supply voltage shift from the nominal value of 5.0V. 

Signal to Noise Ratio (SNR): SNR is the ratio in dB of the 
RMS signal to RMS noise at specified input and sampling 
frequencies. 

Signal to Noise and Distortion Ratio (SINAD): SINAD is 
the ratio in dB of the RMS signal to the RMS sum of the 
noise and harmonic distortion at specified input and sam- 
pling frequencies. 

Total Harmonic Distortion (THD): THD is the ratio in dBc of 
the RMS sum of the first five harmonic components to the 
RMS signal for a specified input and sampling frequency. 
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Die Characteristics 

DIE DIMENSIONS: 

154.3 x 173.2 x 19 ±1mils 

METALLIZATION: 

Type: Si - Al 
Thickness: 1 1 kA ± 1 kA 

GLASSIVATION: 

Type: Si0 2 

Thickness: 8kA ± 1 kA 

TRANSISTOR COUNT: 8000 
SUBSTRATE POTENTIAL (Powered Up): V+ 


Metallization Mask Layout 


HI-5700 
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10-Bit, 40 MSPS A/D Converter 


Features 

• 40 MSPS Sampling Rate 

• 8.3 Bits Guaranteed at f, N = 10MHz 

• Low Power 

• Wide 250MHz Full Power Input Bandwidth 

• Sample and Hold Not Required 

• Single-Ended or Differential Input 

• 1.25V Input Signal Range 

• Single +5V Supply Voltage 

• TTL Compatible Interface 

• Evaluation Boards Available (HI5702-EV, 
HI5702-EV2) 

Applications 

• Professional Video Digitizing 

• Medical Imaging 

• Digital Communication Systems 

• High Speed Data Acquisition 


Description 

The HI5702 is a monolithic, 10-bit, analog-to-digital converter 
fabricated in Harris’s HBC10 BiCMOS process. It is designed for 
high speed applications where wide bandwidth and low power 
consumption are essential. Its 40 MSPS speed is made possible 
by a fully differential pipeline architecture which also eliminates the 
need for an external sample and hold circuit. The HI5702 has 
excellent dynamic performance while consuming <650mW power 
at 40 MSPS. Data output latches are provided which present valid 
data to the output bus with a latency of 7 clock cycles. 

Ordering Information 


PART 

NUMBER 

SAMPLE 

RATE 

TEMPERATURE 

RANGE 

PACKAGE 

HI5702KCB 

40 MSPS 

0°C to +70°C 

28 Lead Plastic SOIC (W) 

HI5702JCB 

36 MSPS 

0°C to +70°C 

28 Lead Plastic SOIC (W) 



Typical Application Schematic 


v,„* r\j ( 
V|N- ( 

CLOCK 


Vref+ (7) 

Vref-(8) 

(LSB) (28) DO 

AGND (12) 

(27) D1 
(26) D2 

AGND (6) 

(25) D3 

AGND (14) 

(24) D4 

DGND (2) 

(20) D5 

DGND (21) 

(19) D6 

DGND (4) 

(18) D7 

(17) D8 
(MSB) (16) D9 

I V,n+ (®) 

(1) DV CC 

< 

o 

s 

(3) DV CC 

V, N -(10) 

(23) DV CC 

CLK (22) 

(13) AV CC 

DFS (15) 

(5)AV CC 


DGND AGND BNC 

j. ^ © 


10pF AND 0.1 pF CAPS 
ARE PLACED AS CLOSE 
TO PART AS POSSIBLE 


yO.lpF ZyHOiiF 


0.1 pF :±10pF 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 . _ Q 
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Specifications HI5702 


Absolute Maximum Ratings 


Thermal Information 


Supply Voltage, AV CC or DV CC to AGND or DGND 

+6V 

Thermal Resistance 

0 JA 

DGNDtoAGND 

0.3V 

HI5702KCB/JCB 

75°C/W 

Digital I/O Pins 

. DGND to DV CC 

Maximum Junction Temperature. 

+150°C 

Analog I/O Pins 

. AGND to AV CC 

Operating Temperature Range 


Storage Temperature Range 

-65°C to +150°C 

HI5702KCB/JCB 

0°C to +70°C 

Lead Temperature (Soldering, 10s) 

+300°C 



(Lead Tips Only) 




CAUTION: Stresses above those listed in "Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications AV CC = DV CC = +5.0V; V REF + = 3.25V; V REF - = 2.0V; F s = Specified Clock Frequency at 50% Duty 
Cycle; C L = 20pF; T A = +25°C; Unless Otherwise Specified 
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Specifications HI5702 


Electrical Specifications AV CC = DV CC = +5.0V; V REF + = 3.25V; V REF - = 2.0V; F s = Specified Clock Frequency at 50% Duty 
Cycle; C L = 20pF; T A = +25°C; Unless Otherwise Specified (Continued) 


PARAMETER 


T ransient Response 


Overvoltage Recovery 


ANALOG INPUT 


Analog Input Resistance, R (N 


Analog Input Capacitance, C iN 


Analog Input Bias Current, l B 


Full Power Input Bandwidth 


Analog Input Common Mode Range 
(V, N + + V 1N -) / 2 


REFERENCE INPUT 


Total Reference Resistance, R L 


Reference Current 


Positive Reference Input, V REF + 


Negative Reference Input, V REF - 


Reference Common Mode Voltage 
( v ref+ + Vref - ) / 2 


COMMOM MODE VOLTAGE 


Common Mode Voltage Output, V CM 


Max Output Current 


DIGITAL INPUTS 


Input Logic High Voltage, V| H 


Input Logic Low Voltage, V (L 


Input Logic High Current, l !H 


Input Logic Low Current, l (L 


Input Capacitance, C ]N 


DIGITAL OUTPUTS 


Output Logic Sink Current, I 0 l 


Output Logic Source Current, I Q h 


Output Capacitance, C 0 ut 


TIMING CHARACTERISTICS 


Aperture Delay, W 


Aperture Jitter, *AJ 


Data Output Delay, to D 


Data Output Hold, t H 


Data Latency, ty^j 


Power-Up Initialization 


POWER SUPPLY CHARACTERISTICS 


Supply Current, Iqc 


Power Dissipation 


Offset Error PSRR, AV 0 s 


Gain Error PSRR, AFSE 


TEST CONDITION 


1. Parameter guaranteed by design or characterization and not production tested. 

2. With the clock off. 



AV CC or DV CC = 5V ± 5% 


AV CC or DV CC = 5V ± 5% 
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1. S N : N-th sampling period. 

2. H N : N-th holding period. 

3. B m n : M-th stage digital output corresponding to N-th sampled input. 

4. D n : Final data output corresponding to N-th sampled input. 


ANALOG 

INPUT 


FIGURE 1. HI5702 INTERNAL CIRCUIT TIMING 
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THD(dBc) SINAD(dB) EFFECTIVE NUMBER OF BITS 


HI5702 


Typical Performance Curves 

10.0 

9.5 

9.0 

8.5 

8.0 

7.5 

7.0 

6.5 

6.0 

1 10 100 
INPUT FREQUENCY (MHz) 

FIGURE 3. ENOB vs INPUT FREQUENCY 





1 10 100 
INPUT FREQUENCY (MHz) 

FIGURE 7. THD vs INPUT FREQUENCY 
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DICC/A1CC (mA) EFFECTIVE NUMBER OF BITS 


HI5702 


Typical Performance Curves (Continued) 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 

FIGURE 9. ENOB vs TEMPERATURE 



TEMPERATURE (°C) 


FIGURE 10. T oh /T d vs TEMPERATURE 



TEMPERATURE (°C) 

FIGURE 11. SUPPLY CURRENT vs TEMPERATURE 



CLOCK FREQUENCY (MHz) 

FIGURE 12. ENOB vs SAMPLE RATE WITH FIXED 12.5ns 
CLOCK PULSE WIDTH 



DUTY CYCLE (%) 


FIGURE 13. ENOB vs DUTY CYCLE 





HI5702 


TABLE 1. PIN DESCRIPTION 
PIN # NAME DESCRIPTION 

1 DV CC Digital Supply 

2 DGND Digital Ground 

3 DV CC Digital Supply 

4 DGND Digital Ground 

5 AV CC Analog Supply 

6 AGND Analog Ground 

7 V REF + Positive Reference 

8 V REF - Negative Reference 

9 V| N + Positive Analog Input 

10 V iN - Negative Analog Input 

1 1 V CM DC Output Voltage Source 

12 AGND Analog Ground 

13 AV CC Analog Supply 

14 AGND Analog Ground 

1 5 DFS Data Format Select 

16 D9 Data Bit 9 Output (MSB) 

1 7 D8 Data Bit 8 Output 

18 D7 Data Bit 7 Output " 

19 D6 Data Bit 6 Output 

20 D5 Data Bit 5 Output 

21 DGND Digital Ground 

22 CLK Input Clock 

23 DV CC Digital Supply 

24 D4 Data Bit 4 Output 

25 D3 Data Bit 3 Output 

26 D2 Data Bit 2 Output 

27 D1 Data Bit 1 Output 

28 DO Data Bit 0 Output (LSB) 

Detailed Description 

Theory of Operation 

The HI5702 is a 10-bit fully differential sampling pipeline A/D 
converter with digital error correction. Figure 13 depicts the 
circuit for the front end differential-in-differential-out sample- 
and-hold (S/H). The switches are controlled by an internal 
clock which is a non-overlapping two phase signal, ^ and 
<j> 2 , derived from the master clock. During the sampling 
phase, <J) 1 , the input signal is applied to the sampling capaci- 
tors, C s . At the same time the holding capacitors, C H , are 
discharged to analog ground. At the falling edge of ^ the 
input signal is sampled on the bottom plates of the sampling 
capacitors. In the next clock phase, (t) 2 , the two bottom plates 
of the sampling capacitors are connected together and the 
holding capacitors are switched to the op-amp output nodes. 
The charge then redistributes between C s and C H complet- 
ing one sample-and-hold cycle. The output is a fully-differen- 
tial, sampled-data representation of the analog input. The 
circuit not only performs the sample-and-hold function but 
will also convert a single-ended input to a fully-differential 
output for the converter core. During the sampling phase, 


the V )N pins see only the on-resistance of a switch and C s . 
The small values of these components result in a typical full 
power bandwidth of 250MHz. 



FIGURE 14. ANALOG INPUT SAMPLE-AND-HOLD 

As illustrated In the Functional Block Diagram and the Tim- 
ing Diagram in Figure 1, nine identical pipeline subconverter 
stages, each containing a two-bit flash and a two-bit multiply- 
ing digital-to-analog converter, follow the S/H circuit with the 
tenth stage being a one bit flash converter. Each converter 
stage in the pipeline will be sampling in one phase and 
amplifying in the other clock phase. Each individual sub-con- 
verter clock signal is offset by 180 degrees from the previous 
stage clock signal with the result that alternate stages in the 
pipeline will perform the same operation. 

The two-bit digital output of each stage is fed to a digital 
delay line controlled by the internal clock. The purpose of the 
delay line is to align the digital output data to the correspond- 
ing sampled analog input signal. This delayed data is fed to 
the digital error correction circuit which corrects the error in 
the output data with the information contained in the redun- 
dant bits to form the final 1 0-bit output for the converter. 

Because of the pipeline nature of this converter, the data on 
the bus is output at the 7th cycle of the clock after the analog 
sample is taken. This delay is specified as the data latency. 
After the data latency time, the data representing each suc- 
ceeding sample is output at the following clock pulse. The 
output data is synchronized to the external clock by a double 
buffered latching technique. 

The output of the digital correction circuit is available in two’s 
complement or binary format depending on the condition of 
the Data Format Select (DFS) input. 

Analog Input, Differential Connection 

The analog input to the HI5702 is a differential input that can 
be configured in various ways depending on the signal 
source and the required level of performance. A fully differ- 
ential connection (Figure 15) will give the best performance 
for the converter. 


v. N + f\j . 


V.N- \f\- 



FIGURE 15. AC COUPLED DIFFERENTIAL INPUT 
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Since the HI5702 is powered by a single +5V analog supply, 
the analog input is limited to be between ground and +5V, 
which implies the common mode voltage can range of 0.625V 
to 4.375V. The performance of the ADC does not change sig- 
nificantly with the value of the common mode voltage. 

A DC voltage source, V CM , about half way between the top 
and bottom reference voltages, is made available to the user 
to help simplify circuit design when using a differential input. 
This low output impedance voltage source is not designed to 
be a reference but makes an excellent bias source and stays 
within the common mode range over temperature. It has a 
temperature coefficient of about 200ppm. 

Assume the difference between V REF +, typically 3.25V, and 
V REF -, typically 2V, is 1.25V in Figure 15. Fullscale is 
achieved when V (N + and V, N - inputs are 1.25V P . P , with V| N - 
being 180 degrees out of phase with V (N +. The converter will 
be at positive fullscale when the V JN + input is at V CM + 
0.625V and V, N - is at V CM - 0.625V (V, N + - V IN - = 1.25V). 
Conversely, the ADC will be at negative fullscale when the 
V (N + input is equal to V CM - 0.625V and V iN - is at V CM + 
0.625V (V, N +- V| N - = -1.25V). 

The analog input can be DC coupled as long as the inputs 
are within the common mode range, Figure 16. 



FIGURE 16. DC COUPLED DIFFERENTIAL INPUT 


The resistors, R, in Figure 16 are not absolutely necessary 
but will improve performance. Values of 100Q or less are 
typical. A capacitor, C, connected from V !N + to V tN - will help 
common mode any noise on the inputs, also improving per- 
formance. Values around 20pF are sufficient and can be 
used on AC coupled inputs as well. 

Analog Input, Single-Ended Connection 

The configuration shown in Figure 17 may be used with a 
single ended AC coupled input. 



FIGURE 17. AC COUPLED SINGLE ENDED INPUT 


Sufficient headroom must be provided such that the input 
voltage never goes above +5V or below AGND. 

Again, assume the difference between V REF +, typically 
3.25V, and V REF -, typically 2V, is 1.25V. If V iN is a 2.5V P _ P 


sinewave riding on a positive voltage equal to V DC , the con- 
verter will be at positive fullscale when V JN + is at V DC + 
1 .25V and will be at negative fullscale when V iN is equal to 
V DC - 1 .25V. In this case, V DC could range between 1 .25V 
and 3.75V without a significant change in ADC performance. 
The simplest way to produce V DC is to use the V CM output of 
the HI5702. 

The analog input can be DC coupled as long as the input is 
within the common mode range, Figure 18. 



FIGURE 18. DC COUPLED SINGLE ENDED INPUT 

The resistor, R, in Figure 18 is not absolutely necessary but 
will improve performance. Values of 100£2 or less are typical. 
A capacitor, C, connected from V iN + to V (N - will help com- 
mon mode any noise on the inputs, also improving perfor- 
mance. Values around 20pF are sufficient and can be used 
on AC coupled inputs as well. 

A single ended source may give better overall system perfor- 
mance if it is first converted to differential before driving the 
HI5702. Also refer to the application note AN9413, “Driving 
the Analog Input of the HI5702”. This application note 
describes several different ways of driving the analog differ- 
ential inputs. 

Reference Input, V REF - V REF + 

The converter requires two reference voltages connected to 
the V REF pins. The voltage range of the part with a differential 
input will be V REF + - V REF -. The HI5702 is tested with V REF - 
equal to 2 V and V REF + equal to 3.25V for an input range of 
1 .25V. V REF + and V REF - can differ from the above voltages as 
long as the common mode voltage between the reference 
pins ((V REF + + V REF -) / 2) does not exceed 2.65V ±50mV and 
the limits on V REF + and V REF - are not exceeded. 

In order to minimize overall converter noise it is recom- 
mended that adequate high frequency decoupling be pro- 
vided at the reference input pin. 

Digital Control and Clock Requirements 

The H 15702 provides a standard high-speed interface to 
external TTL logic families. 

In order to ensure rated performance of the HI5702, the duty 
cycle of the clock should be held at 50%. It must also have 
low jitter and operate at standard TTL levels. 

A Data Format Select (DFS) pin is provided which will deter- 
mine the format of the digital data. When at logic low the 
data will be output in offset binary format. When at a logic 
high the data will be output in a two’s complement format. 
Refer to Table 2 for further information. 
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Performance of the HI5702 will only be guaranteed at con- 
version rates above 1 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. Similarly, when 
power is first applied to the converter, a maximum of 20 
cycles at a sample rate above 1 MSPS will have to be per- 
formed before valid data is available. 

Supply and Ground Considerations 

The HI5702 has separate analog and digital supply and 
ground pins to keep digital noise out of the analog signal 
path. The part should be mounted on a board that provides 
separate low impedance connections for the analog and dig- 
ital supplies and grounds. For best performance, the sup- 
plies to the HI5702 should be driven by clean, linear 
regulated supplies. The board should also have good high 
frequency decoupling capacitors mounted as close as possi- 
ble to the converter. If the part is powered off a single supply 
then the analog supply and ground pins should be isolated 
by ferrite beads from the digital supply and ground pins. 

Refer to the Application Note “Using Harris High Speed A/D 
Converters” (AN9214) for additional considerations when 
using high speed converters. 

Increased Accuracy 

The Vos ancl FSE errors as reported on the data sheet can 
be decreased by further calibration of the ADC. It will be 
assumed that the converter has offset binary coding. See 
the A/D code table (Table 2) for the ideal code transitions. 

The first step would be to center the analog input to the 
desired midscale voltage. This voltage would then be 
adjusted up or down in the circuitry driving one side of the 
input to the HI5702 until the 511 to 512 transition occurs on 
the digital output. 

Next, set the analog input to the HI5702 to the desired posi- 
tive fullscale voltage. Adjust one side of the reference circuit 
up or down until the 1022 to 1023 transition occurs on the 
digital output of the converter. 


Static Performance Definitions 

Offset Error (V os ) 

The midscale code transition should occur at a level 1/4 LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 

Full-Scale Error (FSE) 

The last code transition should occur for a analog input that 
is 1 and 3/4 LSB's below positive full-scale with the offset 
error removed. Full-scale error is defined as the deviation of 
the actual code transition from this point. 

Differential Linearity Error (DNL) 

DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 

Integral Linearity Error (INL) 

INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 

Power Supply Rejection Ratio (PSRR) 

Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and gain error (in LSB’s) is noted. 

Dynamic Performance Definitions 

Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the H 15702. A low distortion 
sine wave is applied to the input, it is coherently sampled, 
and the output is stored in RAM. The data is then trans- 
formed into the frequency domain with an FFT and analyzed 
to evaluate the dynamic performance of the A/D. The sine 
wave input to the part is -0.5dB down from full-scale for all 
these tests. 

SNR and SI NAD are quoted in dB. The distortion numbers are 
quoted in dBc (decibels with respect to carrier) and DO NOT 
include any correction factors for normalizing to full scale. 


CODE 

DESCRIPTION 


Full Scale (FS) 


FS - 1 3/4 LSB 


1/2 FS + 1/4 LSB 


(NOTE 1) 

DIFFERENTIAL 
INPUT VOLTAGE 
V REF+ = 3.25V 
V REF - = 2.0V 
(V) 


TABLE 2. A/D CODE TABLE 


OFFSET BINARY OUTPUT CODE 
(DFS LOW) 


TWO’S COMPLEMENT OUTPUT CODE 
(DFS HIGH) 





1 . The voltages listed above represent the ideal transition of each output code shown as a function of the reference voltage. 
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Signal-to-Noise Ratio (SNR) 

SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 

Signal-to-Noise + Distortion Ratio (SINAD) 

SINAD is the measured RMS signal to RMS sum of all 
other spectral components below the Nyquist frequency 
excluding DC. 

Effective Number of Bits (ENOB) 

The effective number of bits (ENOB) is calculated from the 
SINAD data by 

ENOB = (SINAD - 1 .76 + V CORR ) / 6.02 
where: V CORR = 0.5dB 

Vcorr adjusts the ENOB for the amount the input is below 
fullscale. 

Total Harmonic Distortion (THD) 

THD is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the fundamental input signal. 

2nd and 3rd Harmonic Distortion 

This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 

Intermoduiation Distortion (IMD) 

Nonlinearities in the signal path will tend to generate inter- 
modulation products when two tones, f-| and f 2 , are present 
on the inputs. The ratio of the measured signal to the distor- 
tion terms is calculated. The terms included in the calcula- 
tion are (f, + f 2 ), (f, - f 2 ), (2f 1 ), (2f 2 ), (2f 1 + f 2 ), (2f, - f 2 ), 
(f-i + 2f 2 ), (f 1 - 2f 2 ). The ADC is tested with each tone 6dB 
below fullscale. 

Spurious Free Dynamic Range (SFDR) 

SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent in the spectrum below fs/2. 

Transient Response 

Transient response is measured by providing a fullscale 
transition to the analog input of the ADC and measuring the 
number of cycles it takes for the output code to settle within 
10-bit accuracy. 

Overvoltage Recovery 

Overvoltage Recovery is measured by providing a fullscale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 1 0-bit accuracy. 

Full Power Input Bandwidth (FPBW) 

Full power bandwidth is the frequency at which the ampli- 
tude of the digitally reconstructed output has decreased 3dB 
below the amplitude of the input sine wave. The input sine 


wave has a peak-to-peak amplitude equal to the reference 
voltage. The bandwidth given is measured at the specified 
sampling frequency. 

Video Definitions 

Differential gain and Differential Phase are two commonly 
found video specifications for characterizing the distortion of 
a chrominance (3.58MHz) signal as it is offset through the 
input voltage range of an ADC. 

Differential Gain (DG) 

Differential Gain is the peak difference in chrominance 
amplitude (in percent) at two different DC levels. 

Differential Phase (DP) 

Differential Phase is the peak difference in chrominance 
phase (in degrees) at two different DC levels. 

Timing Definitions 

Refer to Figure 1 and Figure 2 for these definitions. 

Aperture Delay (t AD ) 

Aperture delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 

Aperture Jitter (t AJ ) 

This is the RMS variation in the aperture delay due to varia- 
tion of internal clock path delays. 

Data Hold Time (t H ) 

Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 

Data Output Delay Time (t 0D ) 

Data output delay time is the time to where the new data (N) 
is valid. 

Data Latency (t^) 

After the analog sample is taken, the data on the bus is out- 
put at 7th cycle of the clock. This is due to the pipeline 
nature of the converter where the data has to ripple through 
the stages. This delay is specified as the data latency. After 
the data latency time, the data representing each succeed- 
ing sample is output at the following clock pulse. The digital 
data lags the analog input by 7 cycles. 

Power-Up initialization 

This time is defined as the maximum number of clock cycles 
that are required to initialize the converter at power-up. The 
requirement arises from the need to initialize the dynamic 
circuits within the converter. 
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HFA1135 
H FA 1245 


HSP9501 

HSP48410 

HSP48908 

HSP48212 

HSP43891 

HSP43168 

HSP43216 


HFA1 135: 350MHz Op Amp with Output Limiting 
HFA1245: Dual 350MHz Op Amp with Disable/Enable 
HI5702: 10-Bit 40 MSPS A/D Converter 
HI5705: Low Cost 10-Bit 40 MSPS A/D Converter 
HSP9501 : Programmable Data Buffer 

HSP48410: Histogrammer/Accumulating Buffer, 10-Bit Pixel Resolution 

HSP48908: 2-D Convolver, 3x3 Kernal Convolution, 8-Bit 

HSP48212: Digital Video Mixer 

HSP43891 : Digital Filter, 30MHz, 9-Bit 

HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 

HSP43216: Digital Half Band Filter 

HI5780: 10-Bit 80MHz Video D/A Converter 

H1 1 171: 8-Bit 40MHz Video D/A Converter 

CA3338: 8-Bit 50MHz Video D/A Converter 

HFA5020: 100MHz Video Op Amp 

HA2842: High Output Current, Video Op Amp 

HFA1 115: 350MHz Programmable Gain Buffer with Output Limiting 

CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 


HA5020 

HA2842 

HFA1115 


FIGURE 16. 10-BIT VIDEO IMAGING COMPONENTS 



HFA3600 

HFA3102 

HFA3101 

HFA1100 


HSP43168 
HSP43216 
HSP43891 
HSP50016 
HSP501 10 
HSP50210 


HI5721 

HI5780 

HI20201 

HI20203 


HFA3600: Low Noise Amplifier/Mixer 

HFA3102: Dual Long-Tailed Pair Transistor Array 

HFA31 01 : Gilbert Cell T ransistor Array 

HFA1100: 850MHz Op Amp 

HI5702: 10-Bit 40 MSPS A/D Converter 

HI5703: 10-Bit 40 MSPS A/D Converter 

HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 

HSP43216: Digital Half Band Filter 

HSP43891 : Digital Filter, 30MHz, 9-Bit 

HSP50016: Digital Down Converter 

HSP501 1 0: Digital Quadrature T uner 

HSP50210: Digital Costas Loop 

HI5721: 10-Bit 100MHz Communications D/A Converter 

HI5780: 10-Bit 80MHz D/A Converter 

HI20201: 10-Bit 160MHz High Speed D/A Converter 

HI20203: 8-Bit 160MHz High Speed D/A Converter 

HFA1 115: 350MHz Programmable Gain Buffer with Output Limiting 

CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 


FIGURE 17. 10-BIT COMMUNICATIONS COMPONENTS 
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Die Characteristics 

DIE DIMENSIONS: 1 59.4 x 1 75.2 x 1 9 ± 1 mils 

METALLIZATION: 

Type: Al Si Cu 
Thickness: 11 kA ± IkA 

GLASSIVATION: 

Type: Sandwich Passivation 
Nitride + Undoped Silicon Glass (USG) 

Thickness: Nitride 4.2kA, USG 8kA 
Total 12.2kA±2kA 

DIE ATTACH: Silver Filled Epoxy 

WORST CASE CURRENT DENSITY: 1 .6 x 1 0 4 A/cm 2 

TRANSISTOR COUNT: 4514 

SUBSTRATE POTENTIAL (Powered Up): GND (0.0V) 


Metallization Mask Layout 

HI5702 


AV CC 

AGND 


Vref+ 

Vref- 

V,n- 

V,N+ 



<D 

.< 


Q 


§ 
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Features 

• 40 MSPS Sampling Rate 

• 8.3 Bits Guaranteed at f, N = 10MHz 

• Low Power 

• Wide 250MHz Full Power Input Bandwidth 

• On Chip Sample and Hold 

• Single-Ended or Differential Input 

• 1.25V Input Signal Range 

• Single +5V Supply Voltage 

• TTL Compatible Interface 

• Evaluation Board Available (HI5703EVAL) 

• 3.3V Digital Outputs Available 

Applications 

• Professional Video Digitizing 

• Medical Imaging 

• Digital Communication Systems 

• High Speed Data Acquisition 


10-Bit, 40 MSPS A/D Converter 


Description 

The HI5703 is a monolithic, 10-bit, analog-to-digital converter 
fabricated in Harris’s HBC10 BiCMOS process. It is designed 
for high speed applications where wide bandwidth and low 
power consumption are essential. Its 40 MSPS speed is made 
possible by a fully differential pipeline architecture with an 
internal sample and hold. 

The HI5703 has excellent dynamic performance while 
consuming only 400mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output bus 
with a latency of 7 clock cycles. 

The H 15703 is available in the commercial temperature range 
and is supplied in a 28 lead wide body SOIC package. It is pin- 
to-pin compatible with the HI5702. 

Ordering Information 

TEMPERATURE 

PART NUMBER RANGE PACKAGE 

HI5703KCB 0°C to +70°C 28 Lead Plastic SOIC (W) 




Typical Application Schematic 

HI5703 

3.25V V REF + (7) 

2.0V V REF - (8) 

(LSB) (28) DO - 

(27) D1 _ 

| AGND (12) (26) D2 _ 

r-i AGND (6) (25) D3 - 

V (24) D4 _ 

B DGND (2) (20) D5 - 

DGND (21) (1 9) D6 - 

DGND (4) (18) D7 - 

(17) D8 - 
(MSB) (16) D9 - 


V >N + ^\j (O} 

V,N+0) 

(D DV CC1 

— 

v DC (ii) 

(3) DV CC1 

v A /Ov 

Viu-MOl 

(231 DVi~«~> 

CLOCK "L @ 

W IN V ,v '/ 

CLK (22) 

\ 4g / u * CC2 

(13) AV CC 


DFS (15) 

(5)AV CC 


OE (14) 



03 DGND 
D4 


AGND BNC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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Specifications HI5703 


Absolute Maximum Ratings 


Thermal Information 


Supply Voltage, AV CC or DV CC to AGND or DGND 

+6V 

Thermal Resistance 

0 JA 

DGNDtoAGND 

0.3V 

HI5703KCB 

75°C/W 

Digital I/O Pins 

. DGND to DV CC 

Maximum Junction Temperature 

+150°C 

Analog I/O Pins 

. AGND to AV CC 

Operating Temperature Range 


Storage Temperature Range 

-65°C to +150°C 

HI5703KCB 

0°C to +70°C 

Lead Temperature (Soldering 10s) 

+300°C 



(Lead Tips Only) 




CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications 


AV CC = DV CC1 = DV C c 2 = +5.0V; V REF + = 3.25V; V REF - = 2.0V; F s = 40 MSPS at 50% Duty 
Cycle; C L = 20pF; T A = +25°C; Unless Otherwise Specified 


PARAMETER 


ACCURACY 


Resolution 


Integral Linearity Error (INL) 


Differential Linearity Error (DNL) 
(Guaranteed No Missing Codes) 


Offset Error (V 0 s) 


Full Scale Error (FSE) 


DYNAMIC CHARACTERISTICS 


Minimum Conversion Rate 


Maximum Conversion Rate 


Effective Number of Bits (ENOB) 


Signal to Noise Ratio (SNR) 
_ RMS Signal 
RMS Noise 


Signal to Noise and Distortion Ratio (SINAD) 
RMS Signal 
RMS Noise + Distortion 


Total Harmonic Distortion (THD) 


2nd Harmonic Distortion 


3rd Harmonic Distortion 


Spurious Free Dynamic Range (SFDR) 


Intermodulation Distortion (IMD) 


Differential Gain Error 


Differential Phase Error 


Transient Response 


Over-Voltage Recovery 


TEST CONDITION 

MIN 

TYP 

MAX 



0.2V Overdrive 
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Specifications HI5703 


Electrical Specifications a v oc = DV CC1 = dv 0C2 = +5.0V; v REF + = 3.25V; v REF - = 2.0 V; f s = 40 msps at 50% Duty 
Cycle; C L = 20pF; T A = +25°C; Unless Otherwise Specified (Continued) 


PARAMETER 


ANALOG INPUT 


Analog Input Resistance, R !N 


Analog Input Capacitance, C iN 


Analog Input Bias Current, l B 


Full Power Input Bandwidth 


Analog Input Common Mode Range 
(V in + + V in -)/2 


REFERENCE INPUT 


Total Reference Resistance, R L 


Reference Current 


Positive Reference Input, V REF + 


TEST CONDITION 



Negative Reference Input, V REF - 

(Note 1) 

1.95 

2.0 

- 

V 

Reference Common Mode Voltage 
(Vr EF + + V REF -) / 2 

(Note 1) 

2.575 

2.625 

2.675 

V 


V 0 = 0.4V; DV CC2 = 5V 


Vq = 2.4V; DV CC2 = 5V 


V 0 = 0/5V; DV CC2 = 5V 


V 0 = 0.4V; DV CC2 = 3.3V 


V 0 = 2.4V; DV CC2 = 3.3V 


V 0 = 0/5V; DV CC2 = 3.3V 


COMMOM MODE VOLTAGE 


Common Mode Voltage Output, V CM 


Max Output Current 


DIGITAL INPUTS 


Input Logic High Voltage, V| H 


Input Logic Low Voltage, V|L 


Input Logic High Current, l !H 


Input Logic Low Current, l !L 


Input Capacitance, C| N 


DIGITAL OUTPUTS 


Output Logic Sink Current, I 0 l 


Output Logic Source Current, I 0 h 


Output Three-State Leakage Current, l oz 


Output Logic Sink Current, I 0 |_ 


Output Logic Source Current, I 0 h 


Output Three-State Leakage Current, l 0 z 


Output Capacitance, C 0 ut 


TIMING CHARACTERISTICS 


Aperture Delay, t AP 


Aperture Jitter, *aj 


Data Output Delay, too 


Data Output Hold, t H 


Data Output Enable Time, t EN 


Data Output Enable Time, t D!S 


Data Latency, t LAT 


Power-Up Initialization 


POWER SUPPLY CHARACTERISTICS 


Supply Current, l C c 


Power Dissipation 


Offset Error Sensitivity, A V os 


Gain Error Sensitivity, AFSE 


NOTES: 

1 . Parameter guaranteed by design or characterization and not production tested. 

2. With the clock low and DC input. 



For a Valid Sample (Note 1) 


Data Invalid Time (Note 1 ) 


V 1N + - V 1N - = 1 .25V and DFS = “0" 


V, N + - V, N - = 1 .25V and DFS = “0” 


AV CC or DV CC = 5V ± 5% 
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Timing Waveforms 


ANALOG 

INPUT 



INPUT S N-1 V h N-i l S N \ h n / Sn+1 \ H N+1 / S N+2 \ / S N+5 l H n+5 j S N+6 V H n+6 / S N+7 \ H n+7 / S N+8 \ H n+8 j 


1, N-1 Y B 1,N Y B 1,N+1 Y B 1, N+4 Y B 1, N+5 Y B 1, N+6 Y B 1, N+7 


0 2, N-2 A °2, N-1 A D 2, N 


D 2, N+4 I 1 2 3 - N+5 A 2 ’ N+6 


D 10, N-5 A Dl0 > N* 4 


D 10, N X D 10, N+1 X d 10,N+2 X D 10, N+3 


1. S N : N-th sampling period. 

2. H n : N-th holding period. 

3. B Mi n : M-th stage digital output corresponding to N-th sampled input. 

4. D n : Final data output corresponding to N-th sampled input. 


FIGURE 1. HI5703 INTERNAL CIRCUIT TIMING 


ANALOG 

INPUT 



FIGURE 2. INPUT-TO-OUTPUT TIMING 
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TABLE 1. PIN DESCRIPTION 


PIN# 

NAME 

DESCRIPTION 

1 

o 

o 

> 

o 

Digital Supply 

2 

DGND 

Digital Ground 

3 

DVcci 

Digital Supply 

4 

DGND 

Digital Ground 

5 

o 

o 

5 

Analog Supply 

6 

AGND 

Analog Ground 

7 

Vref+ 

Positive Reference 

8 

v REF - 

Negative Reference 

9 

V,n+ 

Positive Analog Input 

10 

V,N- 

Negative Analog Input 

11 

VcM 

Input Common Mode Voltage 

12 

AGND 

Analog Ground 

13 

> 

< 

o 

o 

Analog Supply 

14 

OE 

Output Enable 

15 

DFS 

Data Format Select 

16 

D9 

Data Bit 9 Output (MSB) 

17 

D8 

Data Bit 8 Output 

18 

D7 

Data Bit 7 Output 

19 

D6 

Data Bit 6 Output 

20 

D5 

Data Bit 5 Output 

21 

DGND 

Digital Ground 

22 

CLK 

Input Clock 

23 

DVcC2 

Digital Output Supply (+5V or +3.3V) 

24 

D4 

Data Bit 4 Output 

25 

D3 

Data Bit 3 Output 

26 

D2 

Data Bit 2 Output 

27 

D1 

Data Bit 1 Output 

28 

DO 

Data Bit 0 Output (LSB) 


Detailed Description 

Theory of Operation 

The HI5703 is a 10-bit fully differential sampling pipeline A/D 
converter with digital error correction. Figure 3 depicts the 
circuit for the front end differential-in-differential-out sample- 
and-hold (S/H). The switches are controlled by an internal 
clock which is a non-overlapping two phase signal, O)-, and 
<t> 2 , derived from the master clock. During the sampling 
phase, 0 1? the input signal is applied to the sampling capac- 
itors, C s . At the same time the holding capacitors, C H , are 
discharged to analog ground. At the falling edge of O-i the 
input signal is sampled on the bottom plates of the sampling 
capacitors. In the next clock phase, <D 2 , the two bottom 
plates of the sampling capacitors are connected together 
and the holding capacitors are switched to the op-amp out- 


put nodes. The charge then redistributes between Cs and 
C H completing one sample-and-hold cycle. The output is a 
fully-differential, sampled-data representation of the analog 
input. The circuit not only performs the sample-and-hold 
function but will also convert a single-ended input to a fully- 
differential output for the converter core. During the sampling 
phase, the V !N pins see only the on-resistance of a switch 
and C s . The small values of these components result in a 
typical full power input bandwidth of 250MHz. 



FIGURE 3. ANALOG INPUT SAMPLE-AND-HOLD 

As illustrated in the functional block diagram and the timing 
diagram in Figure 1, nine identical pipeline subconverter 
stages, each containing a two-bit flash converter and a two- 
bit multiplying digital-to-analog converter, follow the S/H cir- 
cuit with the tenth stage being only a one bit flash converter. 
Each converter stage in the pipeline will be sampling in one 
phase and amplifying in the other clock phase. Each individ- 
ual sub-converter clock signal is offset by 180 degrees from 
the previous stage clock signal resulting in alternate stages 
in the pipeline performing the same operation. 

The two-bit digital output of each stage is fed to a digital 
delay line controlled by the internal clock. The purpose of the 
delay line is to align the digital output data to the correspond- 
ing sampled analog input signal. This delayed data is fed to 
the digital error correction circuit which corrects the error in 
the output data with the information contained in the redun- 
dant bits to form the final ten bit output for the converter. 

Because of the pipeline nature of this converter, the data on 
the bus is output at the 7th cycle of the clock after the analog 
sample is taken. This delay is specified as the data latency. 
After the data latency time, the data representing each suc- 
ceeding sample is output at the following clock pulse. The 
output data is synchronized to the external clock by a double 
buffered latching technique. 

The digital output bits are available in offset binary or two’s 
complement format, set by the Data Format Select (DFS) input. 

Reference Input, V REF - V REF + 

The H 15703 requires two reference voltages connected to the 
V R ef pins. The HI5703 is tested with V REF - equal to 2 V and 
V REF + equal to 3.25V for a fully differential input range of 
±1 .25V. V REF + and V REF - can differ from the above voltages 
as long as the common mode voltage between the reference 
pins ((V REF + + V ref -)/ 2) does not exceed 2.625V ±50mV and 
the limits on V REF + and V REF - are not exceeded. 
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Digital Output Control and Clock Requirements 


The HI 5703 provides a standard high-speed interface to 
external TTL logic families. 

In order to ensure rated performance of the HI5703, the duty 
cycle of the clock should be held at 50% ±5%. It must also 
have low jitter and operate at standard TTL levels. 

Performance of the HI5703 will only be guaranteed at con- 
version rates above 1 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. Similarly, when 
power is first applied to the converter, a maximum of 20 
cycles at a sample rate above 1 MSPS will have to be 
performed before valid data is available. 

A Data Format Select (DFS) pin is provided which will deter- 
mine the format of the digital data. When at logic low, the 
data will be output in offset binary format. When at logic 
high, the data will be output in two’s complement format. 
Refer to Table 2 for further information. 


The output enable pin, OE, when pulled high will three-state 
the digital outputs to a high impedance state. Set the OE 
input to logic low for normal operation. 


OE INPUT 

DIGITAL OUTPUTS 

0 

Active 

1 

High Impedance 


Supply and Ground Considerations 


The HI5703 has separate analog and digital supply and ground 
pins to keep digital noise out of the analog signal path. The dig- 
ital data outputs also have a separate supply pin, DV CC2 , which 
can be powered from a 3.3V to 5.0V supply. This allows the 
outputs to interface with 3.3V logic if so desired. 

The part should be mounted on a board that provides sepa- 
rate low impedance connections for the analog and digital 
supplies and grounds. For best performance, the supplies to 
the HI5703 should be driven by clean, linear regulated sup- 
plies. The board should also have good high frequency 


decoupling capacitors mounted as close as possible to the 
converter. If the part is powered off a single supply then the 
analog supply and ground pins should be isolated by ferrite 
beads from the digital supply and ground pins. 

Refer to the application notes “Using Harris High Speed A/D 
Converters” (AN9214) for additional considerations when 
using high speed converters. 

Static Performance Definitions 

Offset Error (V os ) 

The midscale code transition should occur at a level 1/4 LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 

Full-Scale Error (FSE) 

The last code transition should occur for a analog input that 
is 3/4 LSB's below positive full-scale (+FS) with the offset 
error removed. Full-scale error is defined as the deviation of 
the actual code transition from this point. 

Differential Linearity Error (DNL) 

DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 

integral Linearity Error (INL) 

INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 

Power Supply Sensitivity 

Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and gain error (in LSB’s) is noted. 

Dynamic Performance Definitions 

Fast Fourier Transform (FFT) techniques are used to evaluate 
the dynamic performance of the HI5703. A low distortion sine 
wave is applied to the input, it is coherently sampled, and the 


TABLE 2. A/D CODE TABLE 


OFFSET BINARY OUTPUT CODE 
(DFS LOW) 


TWO’S COMPLEMENT OUTPUT CODE 
(DFS HIGH) 


CODE CENTER 
DESCRIPTION 


+Full Scale (+FS) 
1/4 LSB 


DIFFERENTIAL 
INPUT VOLTAGE 
(V,n+-V in -) 



-Full Scale (-FS) 
3/4 LSB 


1 . The voltages listed above represent the ideal center of each output code shown as a function of the reference voltage. 

2. V REF + = 3.25V and V REF - = 2.0V. 
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output is stored in RAM. The data is then transformed into the 
frequency domain with an FFT and analyzed to evaluate the 
dynamic performance of the A/D. The sine wave input to the 
part is -0.5dB down from full-scale for all these tests. 

SNR and SINAD are quoted in dB. The distortion numbers are 
quoted in dBc (decibels with respect to carrier) and DO NOT 
include any correction factors for normalizing to full scale. 

Signal-to-Noise Ratio (SNR) 

SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 

Signal-to-Noise + Distortion Ratio (SINAD) 

SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding DC. 

Effective Number Of Bits (ENOB) 

The effective number of bits (ENOB) is calculated from the 
SINAD data by 

ENOB = (SINAD - 1 .76 + V CO rr) / 6.02 
where: V CO rr = 0.5 dB 

V C orr adjusts the ENOB for the amount the input is below 
fullscale. 

Total Harmonic Distortion (THD) 

THD is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the fundamental input signal. 

2nd and 3rd Harmonic Distortion 

This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 

Intermodulation Distortion (IMD) 

Nonlinearities in the signal path will tend to generate intermodu- 
lation products when two tones, f 1 and f 2 , are present on the 
inputs. The ratio of the measured signal to the distortion terms is 
calculated. The terms included in the calculation are (fj+f^, (V 
f 2 ), (2f 1 ), (2f 2 ), (2f 1 +f 2 ), (2f 1 -f 2 ), (f 1 +2f 2 ), (f r 2f 2 ). The ADC is 
tested with each tone 6dB below fullscale. 

Spurious Free Dynamic Range (SFDR) 

SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral component 
in the spectrum below fs/2. 

Transient Response 

Transient response is measured by providing a fullscale transi- 
tion to the analog input of the ADC and measuring the number of 
cycles it takes for the output code to settle within 10-bit accuracy. 

Over-Voltage Recovery 

Over-Voltage Recovery is measured by providing a fullscale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 1 0-bit accuracy. 


Full Power Input Bandwidth (FPBW) 

Full power input bandwidth is the frequency at which the 
amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sine wave. 
The input sine wave has a peak-to-peak amplitude equal to 
the reference voltage. The bandwidth given is measured at 
the specified sampling frequency. 

Video Definitions 

Differential Gain and Differential Phase are two commonly 
found video specifications for characterizing the distortion of 
a chrominance signal as it is offset through the input voltage 
range of an ADC. 

Differential Gain (DG) 

Differential Gain is the peak difference in chrominance 
amplitude (in percent) relative to the reference burst. 

Differential Phase (DP) 

Differential Phase is the peak difference in chrominance 
phase (in degrees) relative to the reference burst. 

Timing Definitions 

Refer to Figure 1 and Figure 2 for these definitions. 

Aperture Delay (t AD ) 

Aperture delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 

Aperture Jitter (t AJ ) 

This is the RMS variation in the aperture delay due to varia- 
tion of internal clock path delays. 

Data Hold Time (t H ) 

Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 

Data Output Delay Time (t 0 o) 

Data output delay time is the time to where the new data (N) 
is valid. 

Data Latency (t LAT ) 

After the analog sample is taken, the data on the bus is 
output at 7th cycle of the clock. This is due to the pipeline 
nature of the converter where the data has to ripple through 
the stages. This delay is specified as the data latency. After 
the data latency time, the data representing each 
succeeding sample is output at the following clock pulse. 
The digital data lags the analog input by 7 cycles. 

Power-Up initialization 

This time is defined as the maximum number of clock cycles 
that are required to initialize the converter at power-up. The 
requirement arises from the need to initialize the dynamic 
circuits within the converter. 
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HFA1 135 
HFA1245 


HSP9501 

HSP48410 

HSP48908 

HSP48212 

HSP43891 

HSP43168 

HSP43216 


HFA1 135: 350MHz Op Amp with Output Limiting 
HFA1245: Dual 350MHz Op Amp with Disable/Enable 
HI5702: 10-Bit 40 MSPS A/D Converter 
HI5705: Low Cost 10-Bit 40 MSPS A/D Converter 
HSP9501 : Programmable Data Buffer 

HSP48410: Histogrammer/Accumulating Buffer, 10-Bit Pixel Resolution 

HSP48908: 2-D Convolver, 3x3 Kernal Convolution, 8-Bit 

HSP48212: Digital Video Mixer 

HSP43891 : Digital Filter, 30MHz, 9-Bit 

HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 

HSP43216: Digital Half Band Filter 

HI5780: 10-Bit 80MHz Video D/A Converter 

HI1 171 : 8-Bit 40MHz Video D/A Converter 

CA3338: 8-Bit 50MHz Video D/A Converter 

HFA5020: 100MHz Video Op Amp 

HA2842: High Output Current, Video Op Amp 

HFA1 115: 350MHz Programmable Gain Buffer with Output Limiting 

CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 

FIGURE 16. 10-BIT VIDEO IMAGING COMPONENTS 


HA5020 

HA2842 

HFA1115 



HFA3600 

HFA3102 

HFA3101 

HFA1100 


HSP43168 
HSP43216 
HSP43891 
HSP50016 
HSP501 10 
HSP50210 


HI5721 

HI5780 

HI20201 

HI20203 


HFA3600: Low Noise Amplifier/Mixer 

HFA3102: Dual Long-Tailed Pair Transistor Array 

HFA3101 : Gilbert Cell Transistor Array 

HFA1 1 00: 850MHz Op Amp 

HI5702: 10-Bit 40 MSPS A/D Converter 

HI5703: 10-Bit 40 MSPS A/D Converter 

HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 

HSP43216: Digital Half Band Filter 

HSP43891 : Digital Filter, 30MHz, 9-Bit 

HSP50016: Digital Down Converter 

HSP50110: Digital Quadrature Tuner 

HSP50210: Digital Costas Loop 

HI5721: 10-Bit 100MHz Communications D/A Converter 

HI5780: 10-Bit 80MHz D/A Converter 

HI20201 : 10-Bit 160MHz High Speed D/A Converter 

H 120203: 8-Bit 160MHz High Speed D/A Converter 

HFA1 1 15: 350MHz Programmable Gain Buffer with Output Limiting 

CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 


FIGURE 17. 10-BIT COMMUNICATIONS COMPONENTS 
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PRELIMINARY 

May 1995 


Features 

• 10-Bit Resolution 

• 40 MSPS Sampling Rate 

• Low Power: 400mW 

• On-Chip Sample and Hold 

• Single-Ended Analog Input 

• Single +5V Supply Voltage 

• 3.0V Digital Outputs Available 

• TTL Compatible Interface 

• Evaluation Board Available 

Applications 

• Professional Video Digitizing 

• QAM Demodulation 

• Medical Imaging 

• Digital Communication Systems 

• High Speed Data Acquisition 

• Instrumentation 


Low Cost 10-Bit, 40 MSPS A/D Converter 


Description 

The H 15705 is a monolithic, 10-bit, analog-to-digital converter 
fabricated in Harris’s HBC10 BiCMOS process. It is designed 
for high speed applications where wide bandwidth and low 
power consumption are essential. Its 40 MSPS speed is made 
possible by a fully differential pipeline architecture with an 
internal sample and hold. 

The H 15705 has excellent dynamic performance while 
consuming only 400mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output bus 
with a latency of 7 clock cycles. 

The H 15705 is available in the commercial temperature range 
and is supplied in a 28 lead wide body SOIC package. For 
increased performance, the HI5703 is available. 

Ordering Information 

TEMPERATURE 

PART NUMBER RANGE PACKAGE 

HI5705KCB 0°C to +70°C 28 Lead Plastic SOIC (W) 



Typical Application Schematic 

HI5705 


V IN* r\j | 


Vref+ (7) 

Vref-(8) 

(LSB) (28) DO 

AGND (12) 

(27) D1 
(26) D2 

AGND (6) 

(25) D3 

DGND (2) 

(24) D4 
(20) D5 

DGND (21) 

(19) D6 

DGND (4) 

(18) D7 

(17) D8 
(MSB) (16) D9 

V, N 0) 

(D DV CC 

v DC (ii) 

(3) DV CC 

VfR (10) 

(23) DV CC 

CLK (22) 

(13) AV CC 

DFS (15) 

(5) AV CC 

OE (14) 





10*iF AND 0.1 pF CAPS 
ARE PLACED AS CLOSE 
TO PART AS POSSIBLE 


-X-0'I^F Jl^F 


0.1 pF = lOpF 


ri 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 . 


File Number 4017 


A/D 

CONVERTERS 










DIGITAL DELAY 
AND 

DIGITAL ERROR 
CORRECTION 










H 15710 



Features 

• Resolution 10-Bit ±0.5 LSB (DNL) 

• Maximum Sampling Frequency 20 MSPS 

• Low Power Consumption 140mW (Reference Current 
Excluded) 

• Standby Mode Power 5mW 

• No Sample and Hold Required 

• TTL/CMOS Compatible I/O 

• Three-State Outputs 

• Single +5V Analog Power Supply 

• Single +3.3V or +5V Digital Power Supply 

• Evaluation Board Available: HI5710EVAL 

Applications 

• Video Digitizing - Multimedia 

• Data Communications 

• Image Scanners 

• Medical Imaging 

• Video Recording Equipment 

• Camcorders 

• QAM Demodulation 


Description 

The HI 57 10 is a low power, 10-bit, CMOS analog-to-digital 
converter. The use of a 2-step architecture realizes low 
power consumption, 140mW, and a maximum conversion 
speed of 20MHz with only a 3 clock cycle data latency. The 
HI5710 can be powered down, disabling the chip and the 
digital outputs, reducing power to less than 5mW. A built-in, 
user controlled, calibration circuit is used to provide low lin- 
earity error, 1 LSB. The low power, high speed and small 
package outline make the H 15710 an ideal choice for CCD, 
battery, and high channel count applications. 

The H 15710 does not require an external sample and hold 
but requires an external reference and includes force and 
sense reference pins for increased accuracy. The digital out- 
puts can be inverted, with the MSB controlled separately, 
allowing for various digital output formats. The HI5710 
includes a test mode where the digital outputs can be set to 
a fixed state to ease in-circuit testing. 


Ordering Information 


PART NUMBER TEMP. RANGE 



0°C to +75°C 48 Lead Plastic Metric 

Quad Flatpack 


Pinout 


HI5710 (MQFP) 

TOP VIEW 


52 9 </> v> , DC 

in □(/)») — J l. 

> 00>>>(/)<0 Z |- W 

OZZQ<<i-OZ><h- 


I 47 46 45 44 43 42 41 40 39 38 37 
36 
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*“ </> > </> > o 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 . co 
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Functional Block Diagram 
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Specifications HI5710 


Absolute Maximum Ratings 


Thermal Information 


Supply Voltage, V DD 7V Thermal Resistance 


Reference Voltage, V RT , V RB V DD + 0.5V to V s 


HI5710JCQ 111°C/W 


Analog Input Voltage, V| N V DD + 0.5V to V ss - 0.5V Operating Temperature, T A 0°C to +75°C 

Digital Input Voltage, V| H , V )L V DD + 0.5V to V S s - 0.5V Maximum Junction Temperature +150°C 

Digital Output Voltage, V 0 h. V 0 l V DD + 0-5V to V ss - 0.5V 

Storage Temperature, T stg -55°C to +150°C 

Lead Temperature (Soldering 10s) +300°C 

(Lead Tips Only) 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions (Note i) 
Supply Voltage 


AV dd , AV ss +5V ± 0.25V Clock Pulse Width 


Analog Input Range, V, N (V RT - V RB ) (1 .8V P . P to 2.8V P _ P ) 


DV dd , DV ss +3.3V± 0.25 V 

IDGND-AGNDI OmV to lOOmV 

Reference Input Voltage 

V RB 1.8V to 2.8V 

V RT 3.6V to 4.6V 


T PW1 25ns (Min) 

T PW0 25ns (Min) 


Electrical Specifications f c = 20 msps, av dd = +5V, dv dd = +3.3V, v RB = 2 . 0 V, v RT = 4.ov, t a = +25°c (Note i) 


PARAMETER 


SYSTEM PERFORMANCE 


Integral Non-Linearity, INL 


Differential Non-Linearity, DNL 


DYNAMIC CHARACTERISTICS 


Maximum Conversion Speed, F c 


Minimum Conversion Speed, F c 


Effective Number of Bits, ENOB 


Signal to Noise and Distortion, SI NAD 


TEST CONDITIONS 



F, n = 1kHz Ramp 


: i N = 3MHz 


Spurious Free Dynamic Range, SFDR 


F, n = 3MHz 


F, N = 10MHz 


F, n = 100kHz 


F,m = 500kHz 


Fin = 1MHz 


F, n = 3MHz 


Differential Gain Error, DG 


Differential Phase Error, DP 


NTSC 40 IRE Mod Ramp, F c = 14.3 MSPS 
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Electrical Specifications F c = 20 MSPS, AV dd = +5V, DV dd = +3.3V, V RB = 2.0V, V RT = 4.0V, T a = +25°C (Note 1 ) (Continued) 


PARAMETER 


TEST CONDITIONS 


MAX UNIT 


ANALOG INPUTS 


Analog Input Bandwidth (-3dB), BW 


Analog Input Current 


Analog Input Capacitance, C )N 


REFERENCE INPUT 


Reference Pin Current, l RT 


Reference Pin Current, l RB 


Reference Resistance (V RT to V RB ), R ref 


DIGITAL INPUTS 


Digital Input Voltage V (H1 


Digital Input Voltage 


Digital Input Current 


DIGITAL OUTPUTS 



Digital Output Current 


POWER SUPPLY CHARACTERISTIC 


Analog Supply Current, IA DD 


Digital Supply Current, ID dd 


Analog Standby Current 


Digital Standby Current 


1 . Electrical specifications guaranteed only under the stated operating conditions. 
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SUPPLY CURRENT (mA) 


HI5710 



Typical Performance Curves 



-20 0 25 50 75 100 


AMBIENT TEMPERATURE (°C) 

FIGURE 5. SUPPLY CURRENT vs AMBIENT TEMPERATURE 



-20 0 25 50 75 100 

AMBIENT TEMPERATURE (°C) 


FIGURE 6. MAXIMUM OPERATING FREQUENCY vs AMBIENT 
TEMPERATURE 
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Typical Performance Curves (continued) 





-20 0 25 50 75 

AMBIENT TEMPERATURE (°C) 

FIGURE 8. SAMPLING DELAY vs AMBIENT TEMPERATURE 



INPUT FREQUENCY (MHz) 
FIGURE 10. SFDR vs INPUT FREQUENCY 



INPUT FREQUENCY (MHz) |NpUT FREQUENC Y (Hz) 


FIGURE 11. EFFECTIVE BITS vs INPUT FREQUENCY FIGURE 12. INPUT BANDWIDTH 
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Typical Performance Curves (continued) 



INPUT VOLTAGE (V) CLOCK FREQUENCY 


IGURE13. ANALOG INPUT CURRENT vs INPUT VOLTAGE FIGURE 14. ENOB vs CLOCK FREQUENCY 




100 1,000 10,000 100,000 

INPUT FREQUENCY (MHz) 

FIGURE 16. SNR vs INPUT FREQUENCY 
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Pin Description and I/O Pin Equivalent Circuit 


PIN 

NUMBER SYMBOL 


EQUIVALENT CIRCUIT 


DESCRIPTION 




Calibration Pulse Input, Calibration Starts On a Falling 
Edge, Normally High 


Calibration Circuit Reset, Resets With a Negative 
Pulse, Normally High 
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Pin Description and I/O Pin Equivalent Circuit (continued) 


PIN 


NUMBER 

SYMBOL 

14 

TIN 

29, 30 

VRT 

34, 35 

VRB 


EQUIVALENT CIRCUIT 


DESCRIPTION 



Factory Test Signal Input, Normally Tied to AV SS or 
AV dd 


Reference Top, Normally 4.0V 


Reference Bottom, Normally 2.0V 


Factory Test Signal Output, Leave Pin Open 


Factory Test Signal Input, Tie to AV DD 


Factory Test Signal Input, Tie to AV SS or AV DD 


DO to D9 Output Enable 
Low: Output’s Enabled 
High: High Impedance State 


Chip Enable 
Low: Active State 
High: Standby State 


Test Mode 

High: Normal Output State 
Low: Output fixed 




































HI5710 


Pin Description and I/O Pin Equivalent Circuit (Continued) 


EQUIVALENT CIRCUIT 


DESCRIPTION 


Output Inversion 

High: DO to D8 are Inverted 

Low: DO to D8 are Normal 





1 0000000000 
0 1111111111 


000000000 


1. This table shows the correlation between the analog input voltage and the digital output code. (TESTMODE = 1, MINV and LINV= 0) 
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OUTPUT DATA FORMAT TABLE 



1 . This table shows the output state for the combination of TESTMODE, LINV, and MINV states. 

2. N: Non-lnverted Output. 

3. I: Inverted Output. 


Detailed Description 

The HI5710 is a two step A/D converter featuring a 5-bit 
upper comparator group and a 5-bit lower comparator group. 
An internal calibration mode is used to improve linearity 
which is user controlled. 

The reference voltage must be supplied externally, with V RB 
and V RT typically set to 2.0V and 4.0V respectively. 

Both chip enable and output enable pins are provided for 
flexibility and to reduce power consumption. The digital out- 
puts can be inverted by inputs LINV and MINV, where LINV 
controls outputs DO through D8 and MINV controls output 
D9 (MSB). This allows for outputs of various digital formats, 
such as straight binary, inverted binary, offset two’s comple- 
ment or inverted offset two’s complement. 

Analog Input 

The analog input typically requires a 2V P . P full scale input 
signal. The full scale input can range from 1.8V to 2.8V 
depending on the reference voltages. 

The input capacitance is small when compared with other 
flash type A/D converters. However, it is necessary to drive 
the input with an amplifier with sufficient bandwidth and drive 
capability. Op amps such as the HA5020 should make an 
excellent input amplifier depending on the applications 
requirements. In order to prevent parasitic oscillation, it may 
be necessary to insert a resistor between the output of the 
amplifier and the A/D input. Be sure to consider the amplifi- 
ers settling time in CCD applications or where step inputs 
are expected. 

Reference Input 

The input range of the A/D is set by the voltage difference of 
V RT and V RB . The HI5710 is designed to use an external ref- 
erence from 2.0V to 4.0V on V RB and V RT , respectively. The 
analog input range of the A/D will now be from 2.0V to 4.0V. 
The V RB range is 1.8V to 2.8V, the V RT range is 3.6V to 
4.6V, and (V RT - V RB ) range is 1.8V to 2.8 V. 

V RT and V RB must be decoupled to analog ground to minimize 
noise on the reference. A 0.1 pF capacitor is usually adequate. 


Clock Input 

The HI5710 samples the input signal on the rising edge of the 
clock with the digital data latched at the output after 3 clock 
cycles. The H 1571 0 is designed to use a 50% duty cycle square 
wave, but a 1 0% variation should not affect performance. 

The clock input can be driven from +3.3V or +5V TTL or 
CMOS logic. Be sure not to use +5V logic if the HI5710 digi- 
tal supply is +3.3V, unless you are sure the input will not 
exceed the supply voltage. When using a +3.3V digital sup- 
ply, HC or AC CMOS logic will work well. 

Digital Inputs 

The digital inputs can be driven from +3.3V or +5V TTL or 
CMOS logic, except for the OE input. The OE input should 
be driven by CMOS logic when using a +5V digital supply 
though TTL logic may work if not heavily loaded. Be sure not 
to use 5V logic if the HI5710 digital supply is +3.3V, unless 
you are sure the input will not exceed the supply voltage. 
When using a +3.3V digital supply, HC or AC CMOS logic 
will work well. 

Digital Outputs 

The digital outputs are CMOS outputs. The LINV input will 
invert outputs DO through D8 and MINV will invert output D9 
(MSB). This allows the user to set the output for a number of 
different digital formats. The outputs can also be three- 
stated by pulling the OE input high. 

The digital supply can run from +3.3V to +5V. The digital out- 
puts will generate less radiated noise using +3.3V, but the 
outputs will have less drive capability. The digital outputs will 
only swing to DV dd therefore exercise care if interfacing to 
+5V logic when using a +3.3V supply. 

The outputs can also be set to a fixed, defined state, see 
Output Data Format table. By setting the TESTMODE pin 
low, the outputs go to a defined digital pattern. This pattern is 
varied by the MINV and LINV inputs. This feature can be 
used for in-circuit testing of the digital bus. 

Calibration Function 

The HI5710 has a built-in calibration circuit to minimize lin- 
earity error. The RESET and CAL inputs should be timed as 
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shown in Figure 4. A setup time of 10ns or longer is required 
for both the RESET and CAL inputs and they must stay low 
for at least one clock period. 

A negative pulse on the RESET input should occur before 
the CAL input sees a falling edge. This sets up the initial cal- 
ibration value. The calibration starts on the rising edge of the 
clock after the falling edge of the CAL pulse and requires 
300 pulses to complete the calibration. The RESET input 
serves to minimize the calibration time, but it is not manda- 
tory that it be used. The RESET input must remain at a high 
state when not in use. The calibration, when executed with- 
out the RESET pulse, requires 600 calibration pulses. 

One calibration cycle is completed in 11 clock cycles. Seven 
clock cycles after the calibration pulse, the calibration circuit 
takes exclusive possession of the lower comparators, DO 
through D4, for four clock cycles. During this time, the out- 
puts are latched with the previous data (cycle seven data). 

The upper 5 bits, D5 through D9, will operate as usual during 
the calibration if the SEL input is held high, making the 
HI5710 a 5 bit A/D converter during the last four clock cycles 
of the calibration. If the SEL input is low, the upper 5 bits are 
latched with the previous data (cycle seven data) during the 
last four cycles of the calibration as are the lower 5 bits. 


The calibration must be done when the part is first powered 
up, when the supplies vary more that lOOmV or when 
(V RT - V RB ) changes more than 200mV. When first powered 
up, a minimum of 300 calibration pulses are required after 
the reset pulse. If no reset pulse is given, then a minimum of 
600 calibration pulses are needed. Figure 4 shows several 
possible calibration timing schemes. It is not necessary to 
calibrate as often as these figures show, these are only 
design ideas. The HI5710 application note AN9511 shows a 
simple circuit for controlling the calibration function. 

Power, Grounding, and Decoupling 

To reduce noise effects, separate the analog and digital 
grounds. Bypass both the digital and analog V DD pins to 
their respective grounds with a ceramic 0.1 pF capacitor 
close to the pin. A larger capacitor (IpF to lOpF) should be 
placed somewhere on the PC board for low frequency 
decoupling of both analog and digital supplies. 

The analog supply should be present before the digital sup- 
ply to reduce the risk of latch-up. The digital supply can run 
from +3.3V to +5V. +3.3V generates less radiated noise at 
the digital outputs, but they have less drive capability. The 
specifications do not change with digital supply levels. 
Remember, the digital outs will only swing to DV dd . 
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Timing Definitions 

Aperture Delay - Aperture delay is the time delay between 
the external sample command (the falling edge of the clock) 
and the time at which the signal is actually sampled. This 
delay is due to internal clock path propagation delays. 

Aperture Jitter - This is the RMS variation in the aperture 
delay due to variation of internal clock path delays. 

Data Latency - After the analog sample is taken, the data on 
the bus is output at 3rd cycle of the clock. This is due to the 
pipeline nature of the converter where the data has to ripple 
through the stages. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input by 3 cycles. 

Power-up initialization - This time is defined as the maxi- 
mum number of clock cycles that are required to initialize the 
converter at power-up. The requirement arises from the 
need to initialize some dynamic circuits within the converter. 

Static Performance Definitions 

Offset, full-scale, and gain all use a measured value of the 
external voltage reference to determine the ideal plus and 
minus full-scale values. The results are all displayed in LSBs. 

Offset Error (V os ) - The first code transition should occur at 
a level 1/2 LSB above the negative full-scale. Offset is 
defined as the deviation of the actual code transition from 
this point. Note that this is adjustable to zero. 

Full-Scale Error (FSE) - The last code transition should 
occur for a analog input that is 1 and 1/2 LSBs below posi- 
tive full-scale. Full-scale error is defined as the deviation of 
the actual code transition from this point. 

Differential Linearity Error (DNL) - DNL is the worst case 
deviation of a code width from the ideal value of 1 LSB. The 
converter is guaranteed for no missing codes over all tem- 
perature ranges. 

Integral Linearity Error (INL) - INL is the worst case devia- 
tion of a code center from a best fit straight line calculated 
from the measured data. 

Power Supply Rejection (PSRR) - Each of the power sup- 
plies are moved plus and minus 5% and the shift in the offset 
and gain error is noted. The number reported is the percent 
change in these parameters versus full-scale divided by the 
percent change in the supply. 


Dynamic Performance Definitions 

Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the HI5710. A low distortion 
sine wave is applied to the input, it is sampled, and the out- 
put is stored in RAM. The data is then transformed into the 
frequency domain with a 2048 point FFT and analyzed to 
evaluate the dynamic performance of the A/D. The sine 
wave input to the part is -0.5dB down from full-scale for all 
these tests. The distortion numbers are quoted in dBc (deci- 
bels with respect to carrier) and DO NOT include any correc- 
tion factors for normalizing to full scale. 

Signal-to-Noise Ratio (SNR) - SNR is the measured rms 
signal to rms noise at a specified input and sampling fre- 
quency. The noise is the rms sum of all of the spectral com- 
ponents except the fundamental and the first five harmonics. 

Signal-to-Noise + Distortion Ratio (SINAD) - SINAD is the 
measured rms signal to rms sum of all other spectral compo- 
nents below the Nyquist frequency excluding DC. 

Effective Number Of Bits (ENOB) - The effective number 
of bits (ENOB) is derived from the SINAD data. ENOB is cal- 
culated from: 

ENOB = (SINAD - 1 .76 + V CO rr) / 6.02 
where: V CO rr = 0.5dB 

2nd and 3rd Harmonic Distortion - This is the ratio of the 
rms value of the 2nd and 3rd harmonic component respec- 
tively to the rms value of the measured input signal. 

Transient Response - Transient response is measured by 
inputting a step to the input to the part and measuring the 
number of cycles it takes for the output code to settle within 
a defined accuracy. 

Overvoltage Recovery - Overvoltage Recovery is mea- 
sured by inputting a step, which overdrives the input by 
200mV, and measuring the number of cycles it takes for the 
output code to settle within a defined accuracy. 

Full Power Input Bandwidth - Full power bandwidth is the 
frequency at which the amplitude of the digitally recon- 
structed output has decreased 3dB below the amplitude of 
the input sine wave. The input sine wave has a peak-to-peak 
amplitude equal to the reference voltage. The bandwidth 
given is measured at the specified sampling frequency. 
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HFA1135 HI5710 HSP9501 HI1171 

H FA 1245 HI5702 HSP48410 CA3338 

HA5020 HSP48908 H 13050 

HSP48212 

HSP43891 

HSP43168 

HSP43216 

HFA1 1 35: 350MHz Op Amp with Output Limiting 
HFA1245: Dual 350MHz Op Amp with Disable/Enable 

HA5020: 1 00MHz Video Op Amp 

HI571 0: 1 0-Bit 20 MSPS A/D Converter 

HI5702: 1 0-Bit 40 MSPS A/D Converter 

HSP9501 : Programmable Data Buffer 

HSP48410: Histogrammer/Accumulating Buffer, 10-Bit Pixel Resolution 

HSP48908: 2-D Convolver, 3x3 Kernal Convolution, 8-Bit 

HSP482 1 2: Digital Video Mixer 

HSP43891 : Digital Filter, 30MHz, 9-Bit 

HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 

HSP43216: Digital Half Band Filter 

HI1 171 : 8-Bit 40MHz Video D/A Converter 

CA3338: 8-Bit 50MHz Video D/A Converter 

HI3050: Triple 1 0-Bit 50MHz Video DAC 

HA2842: High Output Current, Video Op Amp 

HFA1 1 1 5: 350MHz Programmable Gain Buffer with Output Limiting 

CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 

FIGURE 16. 10-BIT VIDEO IMAGING COMPONENTS 


HA5020 

HA2842 

HFA1115 


HFA3600 

HFA3102 

HFA3101 

HFA1100 


HFA3600: 

HFA3102: 

HFA3101 : 

HFA1100: 

HI5710: 

HI5702: 

HSP43168 

HSP43216 

HSP43891 

HSP50016 

HSP501 10 

HSP50210 

HI5721: 

HI20201: 

HI20203: 

HFA1115: 


HI5710 HSP43168 HI5721 

HI5702 HSP43216 HI20201 

HSP43891 HI20203 

HSP50016 
HSP501 10 
HSP50210 

Low Noise Amplifier/Mixer 

Dual Long-Tailed Pair Transistor Array 

Gilbert Cell Transistor Array 

850MHz Op Amp 

10-Bit 20 MSPS A/D Converter 

10-Bit 40 MSPS A/D Converter 

Dual FIR Filter, 10-Bit, 33MHz/45MHz 

Digital Half Band Filter 

Digital Filter, 30MHz, 9-Bit 

Digital Down Converter 

Digital Quadrature Tuner 

Digital Costas Loop 

10-Bit 100MHz Communications D/A Converter 
10-Bit 160MHz High Speed D/A Converter 
8-Bit 160MHz High Speed D/A Converter 
350MHz Programmable Gain Buffer with Output Limiting 


CMOS Logic Available in HC, HCT. AC, ACT, and FCT. 


FIGURE 17. 10-BIT COMMUNICATIONS COMPONENTS 
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SEMICONDUCTOR 


HI5714 


PRELIMINARY 

May 1 995 


Features 

• 75 MSPS Sampling Rate 

• Low Power (325mW) 

• 7.7 ENOB at 4.43MHz 

• Overflow/Underflow Three-State TTL Output 

• Operates with Low Level AC Clock 

• Very Low Analog Input Capacitance 

• No Buffer Amplifier Required 

• No Sample and Hold Required 

• TTL Compatible I/O 

• Evaluation Board Available, HI5714EVAL 

Applications 

• Video Digitizing 

• Direct Broadcast Satellite (DBS) Receivers 

• Tape Drive/Mass Storage 

• Medical Ultrasound Imaging 

• Communication Systems 

• Wireless LAN Systems 


8-Bit, 75 MSPS A/D Converter 


Description 

The HI5714 is a high precision, monolithic, 8-bit, Analog-to- 
Digital Converter fabricated in Harris’s advanced HBC10 
BiCMOS process. 

The HI5714 is optimized for a wide range of applications such as 
ultrasound imaging, mass storage, instrumentation, and video 
digitizing, where wide bandwidth and low power consumption 
are essential. The HI5714 is offered in 40 MSPS, 60 MSPS, and 
75 MSPS samples rates. 

The HI5714 delivers ±0.5 LSB differential nonlinearity while 
consuming only 325mW power at 75 MSPS. The digital 
inputs and outputs are TTL compatible, as well as allowing 
for a low-level sine wave clock input. The HI5714 is a pin for 
pin replacement for the TDA8714. 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

SAMPUNG 

FREQUENCY 

(MHz) 

HI5714/4CB 

0°C to +70°C 

24 Lead Plastic 
SOIC (W) 

40 

HI5714/6CB 

0°C to +70°C 

24 Lead Plastic 
SOIC (W) 

60 

HI5714/7CB 

0°C to +70°C 

24 Lead Plastic 
SOIC (W) 

75 


Pinout 


HI5714 

SOIC (300 MIL) 
TOP VIEW 


NC £ 
AGND 
V CCA [L 

V, N [j[ 
Vrt Gl 

NC go 

0/uf gr 

D7 p2 


24] D2 
23] D3 
S] OE 

21] V CC 02 

20] OGND 
i H V CC01 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1 995 . CQ 
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Functional Block Diagram 




OVERFLOW/UNDERFLOW 

LATCH 


TTL OUTPUTS 





TTL OUTPUT 



Typical Application Schematic 


v m r\j ®- 


I_1nFj_0.1|jF 

Ht-f 


CLK 


DO 

V RT 


D2 



VoB 


D4 



D5 

D6 

OE 

HI5714 

D7 

O/UF 

V IN 


Vcco 

w CC0 

V CCD 

V CCA 


OGND 

NC 

NC 

a rwn 


DGND 

NC 

AUNU 



L 1nF J_0.1^F 


AGND BNC 




InF and 0.1 pF CAPS are placed 
as close to part as possible. 


1. Pin 5 should be connected to AGND and pins 3 and 10 to DGND to reduce noise coupling into the device. 

2. Analog and Digital supplies should be separated and decoupled to reduce digital noise coupling into the analog supply. 
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Specifications HI5714 


Absolute Maximum Ratings 


Thermal Information 


- v ccd- v cco -0.3V t0 +6.0V Thermal Resistance 


V C co • v ccd 0.3V Maximum Junction Temperature . 

V C ca - v cco 0.3V Operating Temperature Range 

V| N » V C LK- V RT. V RB- OE -0.3V to +6.0V HI5714CB 

Iqut. Digital Pins 10mA 

Input Current, All Pins 1mA 

Digital I/O Pins OGND to V cco 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10s) 300°C 

(Lead Tips Only) 


0°C to +70°C 


1 . Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

2. The supply voltages V CCA and V CCD may have any value between -0.3V and +6V as long as the difference V CCA - V CCD lies between 
-0.3V and +0.3V. 

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Electrical Specifications v CCA = v CCD = v cco = +5V; v RB = i ,3V; v RT = 3.6V; t a = 25 °c, 
Unless Otherwise Specified 


PARAMETER 


CLOCK (Referenced to DGND) (Note 1) 


Logic Input Voltage Low, V )L 


Logic Input Voltage High, V )H 


Logic Input Current Low, l| L 


Logic Input Current High, l iH 


Input Impedance, Z !N 


Input Capacitance, C !N 


OE (Referenced to DGND) 


Logic Input Voltage Low, V !L 


Logic Input Voltage High, V (H 


Logic Input Current Low, l )L 


Logic Input Current High, l )H 


V !N (Referenced to AGND) 


Input Current Low, l !L 


Input Current High, l )H 


Input Impedance, Z iN 


Input Capacitance, C iN 


REFERENCE INPUT 


Bottom Reference Range, V RB 


Top Reference Range, V RT 


Reference Range, V REF (V RT - V RB ) 


Reference Current, I RF f 


TEST CONDITION 


f CLK= 75MHz 


f riK = 75MHz 


V, L = 0.4V 


f, N = 4.43MHz 


f,M = 4.43MHz 


Reference Ladder Resistance, R LAD 
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Specifications HI5714 


Electrical Specifications v CCA = v CCD = v cco = +5V; v RB = i ,3V; v RT = 3.6V; t a = 25°c, 
Unless Otherwise Specified (Continued) 


PARAMETER 


TEST CONDITION 


Offset Error, V OB 



DIGITAL OUTPUTS (DO to D7 and O/UF Referenced to OGND) 


Logic Output Voltage Low, V 0 |_ 


Logic Output Voltage High, V 0 


Output Leakage Current, l D 


SWITCHING CHARACTERISTICS (Notes 1, 2) See Figure 3 


Sample Rate, fcu< 
HI5714/7 




HI5714/6(f CLK = 60MHz) 


HI5714/7 (f CL K= 75MHz) 

















































































































Specifications HI5714 


Electrical Specifications v CCA = v CCD = v oco = +5V; v RB = i ,3V; v RT = 3.6 V; t a = 25°c, 
Unless Otherwise Specified (Continued) 


PARAMETER 


TEST CONDITION 


Bit Error Rate, BER 


TIMING (f CLK = 75MHz) See Figures 1,2 


Sampling Delay, t SD 


Output Hold Time, t HD 


Output Delay Time, t D 


Output Enable Delay, t PZH 


Output Enable Delay, t PZL 


Output Disable Delay, t PHZ 


Output Disable Delay, t PLZ 


Aperture Jitter, t AJ 


POWER SUPPLY CHARACTERISTICS 


Analog Power Supply Range, V CCA 


Digital Power Supply Range, V CCD 


Output Power Supply Range, V cco 


Total Supply Current 


Supply Current, l CCA 


Supply Current, l CCD 


Supply Current, l cco 


Power Dissipation 



1 . In addition to a good layout of the digital and analog ground, it is recommended that the rise and fall times of the clock not be less than 1 ns. 

2. Analog input voltages producing code 00 up to and including FF. 

V 0B (Bottom Offset Voltage) is the difference between the analog input which produces data equal to 00 and the Bottom Reference Volt- 
age (V RB ). 

Vqbtc (Bottom Offset Voltage Temperature Coefficient) is the variation of V 0B with temperature. 

Vqt (Top Offset Voltage) is the difference between the Top Reference Voltage (V RT ) and the analog input which produces data output 
equal to FF. 

V 0 ttc (Top Offset Voltage Temperature Coefficient) is the variation of V 0 j with temperature. 

3. Input is standard 5 step video test signal. A 12-bit R reconstruct DAC and VM700 are used for measurement. 

4. Full-scale sinewave, f iN = 4.43MHz. 

5. f CLK = 75MHz, f iN = 4.43MHz, V )N = ±8 LSB at code 128, 50% Clock duty cycle. 
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Pin Description 


PIN NUMBER 


1 , 2,12-15 
23, 24 



DESCRIPTION 


Digital outputs, DO (LSB) to D7 (MSB) 


Bottom reference voltage input. Range: 1 .2V to t .6V 


Analog ground 


Analog +5V 


Analog input 


Top reference voltage input. Range: 3.5V to 3.9V 


Underflow/Overflow digital output. Goes high if the analog input goes above or below the 
reference (VRB, VRT) minus the offset 


Clock input 


Digital GND 


Digital +5V 


Digital +5V for digital output stage 


Digital ground for digital output stage 


Output enable 

High: Digital outputs are three-stated 
Low: Digital outputs are active 



1 . The voltages listed above represent the ideal transition of each output code shown as a function of the reference voltage, including the 
typical reference offset voltages. 


TABLE 2. MODE SELECTION 


High Impedance 


High Impedance 


Active: Binary 
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Detailed Description 

Theory of Operation 

The HI5714 design utilizes a folding and interpolating archi- 
tecture. This architecture reduces the number of compara- 
tors, reference taps, and latches, thereby reducing power 
requirements, die size and cost. 

A folding A/D converter operates basically like a 2 step sub- 
ranging converter by using 2 lower resolution converters to 
do a course and subranged fine conversion. A more com- 
plete description is given in the application note “Using the 
HI5714 Evaluation Board” (ANXXXX). 

Reference Input, V RT and V RB 

The HI5714 requires an external reference to be connected 
to pins 4 and 9, V RB and V RT . 

It is recommended that adequate high frequency decoupling 
be provided at the reference input pin in order to minimize 
overall converter noise. A 0.1 pF and a InF capacitor as 
close as possible to the reference pins work well. 

V RT must be kept within the range of 3.5V to 3.9V and V RB 
within 1.2V to 1.6V. If the reference voltages go outside their 
respective ranges, the input folding amplifiers may saturate 
giving erroneous digital data. The range for (V RT - V RB ) is 
1 .9V to 2.7 V, which defines the analog input range. 

Digital Control and Clock Requirements 

The HI5714 provides a standard high-speed interface to 
external TTL logic families. 

The outputs can be three-stated by setting the OE input (pin 
22) high. 

The clock input operates at standard TTL levels as well as a low 
level sine wave around the threshold level. The H 1571 4 can 
operate with clock frequencies from DC to 75MHz. The clock 
duty cycle should be 50% ±1 0% to ensure rated performance. 
Duty cycle variation, within the specified range, has little effect on 
performance. Due to the clock speed it is important to remember 
that clock jitter will affect the quality of the digital output data. 

The clock can be stopped at any time and restarted at a later 
time. Once restarted the digital data will be valid at the sec- 
ond rising edge of the clock plus the data delay time. 

Digital Outputs and O/UF Output 

The digital outputs are standard TTL type outputs. The 
HI5714 can drive 1 to 3 TTL inputs depending on the input 
current requirements. 

Should the analog input exceed the top or bottom reference 
the over/underflow output (pin 11) will go high. Should the 
analog input exceed the top reference voltage, V RT , the digi- 
tal outputs will remain at all Is until the analog input goes 
below V RT . Also, should the analog input go below the bot- 
tom reference voltage, V RB , the digital outputs will remain at 
all Os until the analog input goes above V R j. 

Analog Input 

The analog input will accept a voltage within the reference 
voltage levels, V RB and V RT , minus some offset. The offset is 
specified in the Electrical Specifications table. 


The analog input is relatively high impedance (lOkft) but 
should be driven from a low impedance source. The input 
capacitance is low (14pF) and there is little kickback from 
the input, so a series resistance is not necessary but it may 
help to prevent the driving amplifier from oscillating. 

The input bandwidth is typically 18MHz. Exceeding 18MHz 
will result in sparkle at the digital outputs. The bandwidth 
remains constant at clock rates up to 75MHz. 

Supply and Ground Considerations 

In order to keep digital noise out of the analog signal path, 
the H 1571 4 has separate analog and digital supply and 
ground pins. The part should be mounted on a board that 
provides separate low impedance connections for the ana- 
log and digital supplies and grounds. 

The analog and digital grounds should be tied together at 
one point near the HI5714. The grounds can be connected 
directly, through an inductor (ferrite bead), or a low valued 
resistor. DGND and AGND can be tied together. To help min- 
imize noise, tie pin 5 (NC) to AGND and pins 3 (NC) and 10 
(NC) to DGND. 

For best performance, the supplies to the HI5714 should be 
driven by clean, linear regulated supplies. The board should 
also have good high frequency leaded decoupling capacitors 
mounted as close as possible to the converter. Capacitor 
leads must be kept as short as possible (less than 1/2 inch 
total length). A O.lpF and a InF capacitor as close as possi- 
ble to the pin works well. Chip capacitors will provide better 
high frequency decoupling but leaded capacitors appear to 
be adequate. 

If the part is to be powered by a single supply, then the ana- 
log supply pins should be isolated by ferrite beads from the 
digital supply pins. This should help minimize noise on the 
analog power pins. 

Refer to Application Note AN9214, “Using Harris High 
Speed A/D Converters”, for additional considerations when 
using high speed converters. 

Increased Accuracy 

Further calibration of the ADC can be done to increase 
absolute level accuracy. First, a precision voltage equal to 
the ideal VIN_ FS + 0.5 LSB is applied at V| N . Adjust V RB until 
the 0 to 1 transition occurs on the digital output. Next, a volt- 
age equal to the ideal VIN +FS - 1 .5 LSB is applied at V !N . 
V RT is then adjusted until the 254 to 255 transition occurs on 
the digital output. 

Applications 

Figures 3 and 4 show two possible circuit configurations, AC 
coupled with a DC restore circuit and DC coupled with a DC 
offset amplifier. 

Due to the high clock rate, FCT (TTL/CMOS) or FAST (TTL) 
glue logic should be used. FCT logic will tend to have large 
overshoots if not loaded. Long traces (>2 or 3 inches) should 
be terminated to maintain signal integrity. 
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I DC restore! 


SAMPLE /JV 

pulse vy 



DO 

CLK 

D1 


D2 

Vrt 

D3 


D4 
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D5 

OE 

D6 

HI5714 

D7 


O/UF 

V.N 

v cco 


v cco 
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OGND 


NC 

NC 

DGND 

AGND 

NC 


FIGURE 3. TYPICAL AC COUPLED INPUT WITH DC RESTORE 
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DO 

CLK 

D1 


D2 

V RT 

D3 


D4 
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D5 

OE 

D6 

HI5714 

D7 


O/UF 

V|N 

V C co 


Vcco 


V C CD 

V C CA 

OGND 


NC 

NC 

DGND 

AGND 

NC 


FIGURE 4. TYPICAL DC COUPLED INPUT 



HA5020 (Single) 
HA5022 (Dual) 
HA5024 (Quad) 
HA5013 (Triple) 
HFA1105 (Single) 
HFA1205 (Dual) 
HFA1405 (Quad) 


HI5714 (8-Bit) 


HSP9501 

HSP48410 

HSP48908 

HSP48901 

HSP48212 

HSP43881 

HSP43168 


HI1171 (8-Bit) 
CA3338 (8-Bit) 
HI5721 (10-Bit) 
HI3050 (10-Bit) 


HA5020 (Single) 
HA2842 (Single) 
HFA1 115 (Single) 
HFA1212 (Dual) 
HFA1412 (Quad) 


HSP9501 : Programmable Data Buffer 

HSP48410: Histogrammer/accumulating Buffer, 10-Bit Pixel Resolution, 4K x 4K Frame Size 
HSP48908: 2-D Convolver, 3x3 Kernal Convolution, 8-Bit 
HSP48901: 3 x 3 Image Filter, 30MHz, 8-Bit 
HSP48212: Video Mixer 

HSP43881 : Digital Filter, 30MHz, 1-D and 2-D Fir Filters 
HSP43168: Dual Fir Filter, 10-Bit, 33/45MHZ 

CMOS Logic Available in FCT 

FIGURE 5. 8-BIT VIDEO COMPONENTS 
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Timing Definitions 

Aperture Delay: Aperture delay is the time delay between 
the external sample command (the rising edge of the clock) 
and the time at which the signal is actually sampled. This 
delay is due to internal clock path propagation delays. 

Aperture Jitter: This is the RMS variation in the aperture 
delay due to variation of internal clock path delays. 

Data Latency 

After the analog sample is taken, the data on the bus is out- 
put at the next rising edge of the clock. This is due to the out- 
put latch of the converter. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input by 1 cycle. 

Static Performance Definitions 

Offset Error and Full-Scale Error use a measured value of 
the external voltage reference to determine the ideal plus 
and minus full-scale values. The results are all displayed in 
LSBs. 

Offset Error (V 0B ) 

The first code transition should occur at a level 0.5 LSB 
above the negative full-scale. Offset is defined as the devia- 
tion of the actual code transition from this point. 

Full-Scale Error (V 0T ) 

The last code transition should occur for a analog input that 
is 1.5 LSBs below positive full-scale. Full-scale error is 
defined as the deviation of the actual code transition from 
this point. 

Differential Linearity Error (DNL) 

DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. The converter is guaranteed to have no 
missing codes. 

Integral Linearity Error (INL) 

INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Dynamic Performance Definitions 

Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the H 1571 4. A low distortion 
sine wave is applied to the input, it is sampled, and the out- 
put is stored in RAM. The data is then transformed into the 
frequency domain with a 2048 point FFT and analyzed to 
evaluate the dynamic performance of the A/D. The sine 
wave input to the part is 0.5dB down from full-scale for these 
tests. The distortion numbers are quoted in dBc (decibels 
with respect to carrier) and DO NOT include any correction 
factors for normalizing to full scale. 

Signal-to-Noise Ratio (SNR) 

SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 

Signal-to-Noise + Distortion Ratio (SINAD) 

SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding 
DC. 

Effective Number Of Bits (ENOB) 

The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 

ENOB = (SINAD - 1 .76 + V CO rr) / 6.02 

where: V CO rr = 0.5dB. 

2nd and 3rd Harmonic Distortion 

This is the ratio of the RMS value of the 2nd and 3rd har- 
monic component respectively to the RMS value of the mea- 
sured input signal. 

Full Power Input Bandwidth 

Full power bandwidth is the frequency at which the ampli- 
tude of the digitally reconstructed output has decreased 3dB 
below the amplitude of the input sine wave. The input sine 
wave has a peak-to-peak amplitude equal to the reference 
voltage. The bandwidth given is measured at the specified 
sampling frequency. 
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Die Characteristics 

DIE DIMENSIONS: 

134 x 134 x 19 ±1 mils 

METALLIZATION: 

Type: Al Si Cu 

Thickness: Ml - 8kA, M2 - 17kA 

GLASSIVATION: 

Type: Sandwich Passivation 

Undoped Silicon Glass (USG) + Nitride 
Thickness: USG - 8kA, Nitride - 4.2kA 
Total 12.2kA + 2kA 

DIE ATTACH: Silver Filled Epoxy 

WORST CASE CURRENT DENSITY: 

1.6 xIO 4 A/cm 2 

TRANSISTOR COUNT: 3714 

SUBSTRATE POTENTIAL (Powered UP): GND (0.0V) 

Metaliization Mask Layout 

HI5714 
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Features 

• 3 MSPS Throughput Rate 

• 12>Bit, No Missing Codes Over Temperature 

• 1.0 LSB Integral Linearity Error 

• Buffered Sample and Hold Amplifier 

• Precision Voltage Reference 

• ±2.5V Input Signal Range 

• 20MHz Input BW Allows Sampling Beyond Nyquist 

• Zero Latency/No Pipeline Delay 

• Evaluation Board Available 

Applications 

• High Speed Data Acquisition Systems 

• Medical Imaging 

• Radar Signal Analysis 

• Document and Film Scanners 

• Vibration/Waveform Spectrum Analysis 

• Digital Servo Control 


12-Bit, 3 MSPS Sampling A/D Converter 


Description 

The HI5800 is a monolithic, 12-bit, sampling Analog-to- 
Digital Converter fabricated in the HBC10 BiCMOS process. 
It is a complete subsystem containing a sample and hold 
amplifier, voltage reference, two-step subranging A/D, error 
correction, control logic, and timing generator. The HI5800 is 
designed for high speed applications where wide bandwidth, 
accuracy and low distortion are essential. 


Ordering Information 


PART 

NUMBER 

LINEARITY 

TEMP. 

RANGE 

PACKAGE 

HI5800BID 

±1 LSB 

-40°C to +85°C 

40 Lead 
Sidebraze 

HI5800JCD 

HI5800KCD 

±2 LSB 
±1 LSB 

0°C to +70°C 

40 Lead 
Sidebraze 


Pinout 


40 LEAD SIDEBRAZE 

TOP VIEW 


REF, n [T 

u 

40] IRQ 

RO AD j [7 


39 ] OVF 

rg adj G[ 


3§]av cc 

AVccE 


37] Dll (MSB) 

REFqut [T 


D10 

v in GE 


H] D9 

AGND [7 


M]D8 

ADJ+ [T 


Hdv C c 

ADJ- [gT 


32] DGND 

av ee [To 


3?] AGND 

av cc El 


^]av ee 

AGND \j2 


S] D7 

AV ee [?3 


28] D6 

A0 [j4 


§] D5 

CS []J 


26] D4 

OE El 


25) D3 

CONV [17 


24] D2 

1 

m 

[»1 


ID D1 

DGND El 


S] DO (LSB) 

DV CC [20 


2 l] AV C c 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 


File Number 2938.7 
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Functional Block Diagram 



DIGITAL 

OUTPUTS 


CONTROL | 
LOGIC 
AND 
TIMING 



Typical Application Schematic 


C23 ti +10nF 
C22 .J 0-1 

: cTl! 0.01|iF~ 


REFJN (1) 
REF_OUT (5) 

AGND (7) 
AGND (12) 
AGND (31) 
DGND (19) 
DGND (32) 


v in ''X/tfoV 


CONV U(o> 


(22) (LSB) DO 
(23) D1 
|) (24) D2 

(5) (25) D3 

(26) D4 
' (27) D5 

2) (28) D6 

1) (29) D7 

}) (34) D8 

2) (35) D9 

(36) DIO 

(37) (MSB) Dll 
(40) IRQ 
(39) OVF 


© BNC 
^7 GND 


IO^iF, 0.1 ^F, AND 0.01 jiF CAPS ARE PLACED 
AS CLOSE TO PART AS POSSIBLE 


CONV (17) 

OE (16) 

A0 (14) 

CS (15) 


(33) DV CC I 

(20) I 


(4) AV CC 

(11) 

RO_ADJ (2) 

(21) AV CC 
RG_ADJ (3) (38) 

(10) AV ee 
ADJ+(8) (13) (30) 


J i 


± 0.1 fiF ± 10nF 

=V l | 


0.1 jiF 4: IO^iF 


V 


0.1 [Lf ilO^iF 


r j* 
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Specifications HI5800 


Absolute Maximum Ratings 


Supply Voltages 

AV CC or DV CC to GND +5.5V 

AV ee or DV ee to GND. . . -5.5V 

DGND to AGND +0.3V 

Analog Input Pins 

Reference Input REF, N +2.75V 

Signal Input V !N ±(REF )N +0.2 V) 

ROadj» RGadj. ADJ+, ADJ- V EE to Vqq 

Digital I/O Pins GND to V cc 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10s) +300°C 


Thermal Information 


Thermal Resistance 0 JA Gjq 

HI5800BID/JCD/KCD 29°C/W 9°C/W 

Maximum Power Dissipation +70°C 2.26W 

Junction Temperature 

HI5800JCD/KCD +175°C 

HI5800BID +175°C 

Operating Temperature 

HI5800JCD/KCD 0°C to +70°C 

HI5800BID -40°C to +85°C 


CAUTION: Stresses above those listed in ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications AV CC = +5V, DV CC = +5V, AV ee = -5V, DV ee = -5 V; Internal Reference Used 
Unless Otherwise Specified 



HI5800KCD, HI5800BID 


0°C TO +70°C 


TEST CONDITION 


SYSTEM PERFORMANCE 


Integral Linearity Error, INL 


Differential Linearity Error, DNL F s - 3MHz, f (N = 45Hz Ramp 
(Guaranteed No Missing Codes) 


Offset Error, VOS 
(Adjustable to Zero) 


Full Scale Error, FSE 
(Adjustable to Zero) 


DYNAMIC CHARACTERISTICS (Input Signal Level 0.5dB below full scale) 


Throughput Rate 


Signal to Noise Ratio (SNR) 
RMS Signal 


Signal to Noise Ratio (SINAD) 
RMS Signal 

RMS Noise + Distortion 


Total Harmonic Distortion, THD 


Spurious Free Dynamic Range, 
SFDR 


Intermodulation Distortion, IMD 


Differential Gain 


Differential Phase 






























































































































Specifications HI5800 


Electrical Specifications AV CC = +5V, DV CC = +5V, AV ee = -5V, DV ee = -5V; Internal Reference Used 
Unless Otherwise Specified (Continued) 



Input Resistance 


Input Capacitance 


Input Current 


Input Bandwidth 


Reference Output Voltage, 
REF out (Loaded) 


Reference Output Current 


Reference Temperature 
Coefficient 


REFERENCE INPUT 


Reference Input Range 


Reference Input Resistance 


DIGITAL INPUTS 


Input Logic High Voltage, V )H 


Input Logic Low Voltage, V (L 


Input Logic Current, l (L 


Digital Input Capacitance, C (N 


DIGITAL OUTPUTS 


Output Logic High Voltage, V 0H Iqut = _1 60pA 


Output Logic Low Voltage, V OL 


Output Logic High Current, I 0 h 


Output Logic Low Current, I 0 l 


Output Three-State Leakage 
Current, l 0 z 


Digital Output Capacitance, Cqut 


TIMING CHARACTERISTICS 


Minimum CONV Pulse, tl 


(Notes 2, 3) 
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Specifications HI5800 


Electrical Specifications AV CC = +5V, DV C0 = +5V, AV eE = -5V, DV ee = -5V; Internal Reference Used 
Unless Otherwise Specified (Continued) 



NOTE: 

1. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

2. Parameter guaranteed by design or characterization and not production tested. 

3. Recommended pulse width for CONV is 60ns. 

4. Recommended minimum pulse width is 25ns. 

5. This is the additional current available from the REFqut P' n with the REFqut P' n driving the RE^in P' n - 

6. The AO pin V| H at -40°C may exceed 2.0V by up to 0.4V at initial power up. 

7. Excludes error due to internal reference temperature drift. 
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HI5800 


Timing Diagrams 

CONV — 





cs 








t5 , t6 


CONV . 


^ jT~ 


V-^ 


FIGURE 2A. START CONVERSION SETUP TIME FIGURE 2B. OUTPUT ENABLE SETUP TIME 

FIGURE 2. 



FIGURE 3. CONTINUOUS CONVERSION TIMING 















HI5800 
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Pin Description 


PIN DESCRIPTION 


External reference input. 


DAC offset adjust (Connect to AGND if not used). 


DAC gain adjust (Connect to AGND if not used). 


Analog positive power supply, +5V. 


Internal reference output, +2.5V. 


No connection. 


Analog input voltage. 


Analog ground. 


Sample/hold offset adjust (Connect to AGND if not used). 


Sample/hold offset adjust (Connect to AGND if not used). 


Analog negative power supply, -5V. 


Analog positive power supply, +5V. 


Analog ground. 


Analog negative power supply, -5V. 


Output byte control input, active low. When low, data is presented as a 12-bit word or the upper byte (Dll - D4) in 
8-bit mode. When high, the second byte contains the lower LSBs (D3 - DO) with 4 trailing zeroes. See Text. 


Chip Select input, active low. Dominates all control inputs. 


No connection. 


Output Enable input, active low. 


Convert start input. Initiates conversion on the falling edge. If held low, continuous conversion mode overrides and 
remains in effect until the input goes high. 


Digital negative power supply, -5V. 


Digital ground. 


Digital positive power supply, +5V. 


Analog positive power supply, +5V. 


Data bit 0, (LSB). 



Analog negative power supply, -5V. 


Analog ground. 


Digital ground. 


Digital positive power supply, +5V. 


Data bit 8. 



Data bit 11 (MSB). 


Analog positive power supply, +5V. 


Overflow output. Active high when either an overrange or underrange analog input condition is detected. 


Interrupt ReQuest output. Goes low when a conversion is complete. 
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Description 

The H 15800 is a 12-bit two step sampling analog to digital 
converter which uses a subranging technique with digital 
error correction. As illustrated in the block diagram, it uses a 
sample and hold front end, 7-bit R-2R D/A converter which is 
laser trimmed to 14 bits accuracy, a 7-bit BiCMOS flash con- 
verter, precision bandgap reference, digital controller and 
timing generator, error correction logic, output latches and 
BiCMOS output drivers. 

The falling edge of the convert command signal puts the 
sample and hold (S/H) in the hold mode and the conversion 
process begins. At this point the Interrupt Request (IRQ) line 
is set high indicating that a conversion is in progress. The 
output of the S/H circuit drives the input of the 7-bit flash 
converter through a switch. After allowing the flash to settle, 
the intermediate output of the flash is stored in the latches 
which feed the D/A and error correction logic. The D/A 
reconstructs the analog signal and feeds the gain amplifier 
whose summing node subtracts the held signal of the S/H 
and amplifies the residue by 32. This signal is then switched 
to the flash for a second pass using the input switch. The 
output of the second flash conversion is fed directly to the 
error correction which reconstructs the twelve bit word from 
the fourteen bit input. The logic also decodes the overflow bit 
and the polarity of the overflow. The output of the error cor- 
rection is then gated through the read controller to the output 
drivers. The data is ready on the bus as soon as the IRQ line 
goes low. 

I/O Control Inputs 

The converter has four active low inputs (CS, CONV, OE 
and AO) and fourteen outputs (DO - Dll, IRQ and OVF). All 
inputs and outputs are TTL compatible and will also interface 
to the newer TTL compatible families. All four inputs are 
CMOS high input impedance stages and all outputs are 
BiMOS drivers capable of driving lOOpF loads. 

In order to initiate a conversion or read the data bus, CS 
should be h eld low . The conversionjs initiated by the falling 
edge of the CONV command. The OE input controls the out- 
put bus directly and is independent of the conversion pro- 
cess. The data on the bus changes just before the IRQ goes 
low. Therefore if the OE line is held low all the time, the data 
on the bus will change just before the IRQ line goes low. The 
byte control signal AO is also independent of the conversion 
process and the byte can be manipulated anytime. When AO 
is low the 12-bits and overflow word is read on the bus. The 
bus can also be hooked up such that the upper byte (Dll - 
D4) is read when AO is low. When AO is high, the lower byte 
(D3 - DO) is output on the same eight pins with trailing zeros. 

In order to minimize switching nojse during a conversion, 
byte manipulations done usingthe AO signal should be done 
in the single shot mode and AO should be changed during 
the acquisition phase. For accuracy, allow sufficient time for 
settling from any glitches before the next conversion. 

Once a conversion is started, the converter will complete the 
conversion and acquisition periods irrespective of the input 
states. If during these cycles another convert command is 
issued, it will be ignored until the acquire phase is complete. 


Stand Alone Operation 

The converter can be operated in a stand alone configura- 
tion with bus inputs controlling the converter. The con version 
will be started on the negative edge of the convert (CONV) 
pulse as long as this pulse is less than the converter 
throughput rate. If the converter is given multiple convert 
commands, it will ignore all but the first command until such 
time when the acquisition period of the next cycle is com- 
plete. At this point it will start a new conversion on the first 
negative edge of the input command. This allows the con- 
verter to be synchronized to a multiple of a faster external 
clock. The new output data of the conversion is available on 
the same cycle at the negative edge of the IRQ pulse and is 
valid until the next negative edge of the IRQ pulse. Data may 
be accessed at any time during these cycles. It should be 
noted that if the data bus is kept enabled all the time (OE is 
low), then the data will be updating just before the IRQ goes 
low. During this time, the data may not be valid for a few 
nanoseconds. 

Continuous Convert Mode 

The con verter can be operated at its maximum rate by tak- 
ing the CONV line low (supplying the first negative edge) 
and holding it low. This enables the continuous convert 
mode. During this time, at the end of the internal acquisition 
period, the converter automatically starts a new conversion. 
The data will be valid between the IRQ negative edges. 

Note that there is no pipeline delay on the data. The output 
data is available during the same cycle as the conversion 
and is valid until the next conversion ends. This allows data 
access to both previous and present conversions in the 
same cycle. 

When initiating a c onversio n or a series of conversions, the 
last signal (CS and CONV) to arrive dominates the function. 
The same condition holds true for enabling the bus to read 
the data (CS_and OE). To terminate the bus operations, the 
first signal (CS and OE) to arrive dominates the function. 

Interrupt Request Output 

The interrupt request line (IRQ) goes high at the start of 
each conversion and goes low to indicate the start of the 
acquisition. During the time that IRQ is high, the internal 
sample and hold is in hold mode. At the termination of IRQ, 
the sample and hold switches to acquire mode which lasts 
approximately 100ns. If no convert command is issued for a 
period of time, the sample and hold simply remains in 
acquire mode tracking the analog input signal until the next 
conversion cycle is initiated. The IRQ line is the only output 
that is not three-stateable. 

Analog Input, V iN 

The analog input of the HI5800 is coupled into the input 
stage of the Sample and Hold amplifier. The input is a high 
impedance bipolar differential pair complete with an ESD 
protection circuit. Typically it has >3MQ input impedance. 
With this high input impedance circuit, the HI5800 is easily 
interfaced to any type of op amp without a requirement for a 
high drive capability. Adequate precautions should be taken 
while driving the input from high voltage output op amps to 
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ensure that the analog input pin is not overdriven above the 
specified maximum limits. For a +2.5V reference, the analog 
input range is ±2.5V. This input range scales with the value 
of the external reference voltage if the internal reference is 
not used. For best performance, the analog ground pin next 
to the analog input should be utilized for signal return. 

Figures 4 and 5 illustrate the use of an input buffer as a level 
shifter to convert a unipolar signal to the bipolar input used 
by the HI5800. Figure 4 is an example of a non-inverting 
buffer that takes a 0 to 2.5V input and shifts it to ±2.5V. The 
gain can be calculated from 



o.i ^ 


FIGURE 4. NON-INVERTING BUFFER 

Figure 5 is an example of an inverting buffer that level shifts 
a 0V to 5V input to ±2. 5V. Its gain can be calculated from 



FIGURE 5. INVERTING BUFFER 

Note that the correct op amp must be chosen in order to not 
degrade the overall dynamic performance of the circuit. Rec- 
ommended op amps are called out in the figures. 

Voltage Reference, REF 0UT 

The H 15800 has a curvature corrected internal band-gap 
reference generator with a buffer amplifier capable of driving 
up to 15mA. The band-gap and amplifier are trimmed to give 
+2.50 V. When connected to the reference input pin REF )N , 
the reference is capable of driving up to 2mA* externally. Fur- 
ther loading may degrade the performance of the output volt- 
age. It is recommended that the output of the reference be 
decoupled with good quality capacitors to reduce the high- 
frequency noise. 


Reference Input, REF JN 

The converter requires a voltage reference connected to the 
REF )n pin. This can be the above internal reference or it can 
be an external reference. It is recommended that adequate 
high frequency decoupling is provided at the reference input 
pin in order to minimize overall converter noise. 

A user trying to provide an external reference to a HI5800 is 
faced with two problems. First, the drift of the reference over 
temperature must be very low. Second, it must be capable of 
driving the 20013 input impedance seen at the REF iN pin of 
the HI5800. Figure 6 is a recommended circuit for doing this 
that is capable of 2ppm/°C drift over temperature. 

HA5177 HA5002 



LOW TC RESISTOR 

FIGURE 6. EXTERNAL REFERENCE 


Supply and Ground Considerations 

The HI 5800 has separate analog and digital supply and 
ground pins to help keep digital noise out of the analog sig- 
nal path. For the best performance, the part should be 
mounted on a board that provides separate low impedance 
planes for the analog and digital supplies and grounds. Only 
connect the two grounds together at one place preferably as 
close as possible to the part. The supplies should be driven 
by clean linear regulated supplies. The board should also 
have good high frequency decoupling capacitors mounted 
as close as possible to the H 15800. 

If the part is powered off a single supply then the analog sup- 
ply and ground pins should be isolated by ferrite beads from 
the digital supply and ground pins. 

Refer to the Application Note “Using Harris High Speed A/D 
Converters” (AN9214) for additional suggestions to consider 
when using the HI5800. 

Error Adjustments 

For most applications the accuracy of the HI5800 is suffi- 
cient without any adjustments. In applications where accu- 
racy is of utmost importance three external adjustments are 
possible: S/H offset, D/A offset and D/A gain. Figure 7 illus- 
trates the use of external potentiometers to reduce the 
HI5800 errors to zero. 

The D/A offset (RO ADJ ) and S/H offset (ADJ+ and ADJ-) 
trims adjust the voltage offset of the transfer curve while the 
D/A gain trim (RG ADJ ) adjusts the tilt of the transfer curve 
around the curve midpoint (code 2048). The 10kQ potenti- 
ometers can be installed to achieve the desired adjustment 
in the following manner. 
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10kft ^ 

► 



◄ 


10kQ 
*— { 



FIGURE 7. D/A OFFSET, D/A GAIN AND S/H OFFSET ADJUST- 
MENTS 


Typically only one of the offset trimpots needs to be used. 
The offset should first be adjusted to get code 2048 centered 
at a desired DC input voltage such as zero volts. Next the 
gain trim can be adjusted by trimming the gain pot until the 
4094 to 4095 code transition occurs at the desired voltage 
(2.500V - 1 .5 LSBs for a 2.5 V reference). The gain trim can 
also be done by adjusting the gain pot until the code 0 to 1 
transition occurs at a particular voltage (-2.5V + 0.5 LSBs for 
a 2.5V reference). If a nonzero offset is needed, then the off- 
set pot can be adjusted after the gain trim is finished. The 
gain trim is simplified if an offset trim to zero is done first with 
a nonzero offset trim done after the gain trim is finished. The 
D/A offset and S/H offset trimpots have an identical effect on 
the converter except that the S/H offset is a finer resolution 
trim. The D/A offset and D/A gain typically have an adjust- 
ment range of ±30 LSBs and the S/H offset typically has an 
adjustment range of ±20 LSBs. 


TABLE 2. I/O TRUTH TABLE 


OUTPUT 


IRQ 


X 



FUNCTION 


No operation. 


Continuous convert mode. 


Outputs all 12-bits and OVF or upper byte Dll - D4 in 8 bit mode. 


In 8-bit mode, outputs lower LSBs D3 - DO followed by 4 trailing ze- 
roes and OVF, (See text). 


Converter is in acquisition mode. 


Converter is busy doing a conversion. 


Data outputs and OVF in high impedance state. 


X’s = Don’t Care 


TABLE 3. A/D OUTPUT CODE TABLE 


CODE 

DESCRIPTION 

(NOTE 1) 

INPUT 


MSB 



OUTPUT DATA (OFFSET BINARY) 




LSB 

LSB = 2 ( REF In) 

VOLTAGE 
REF|n = 2.5V 














4096 

(V) 

OVF 

Dll 

D10 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

>+FS 

> +2.5000 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

+FS- 1LSB 

+2.49878 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

+3/4FS 

+1.8750 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 0 

+1/2FS 

+1.2500 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

+1LSB 

+0.00122 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

0 

0.0000 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-1 LSB 

-0.00122 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-1/2FS 

-1.2500 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-3/4FS 

-1.8750 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-FS + 1LSB 

<-FS 

-2.49878 

< -2.5000 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 


NOTE: 

1 . The voltages listed above represent the ideal center of each output code shown as a function of the reference voltage. 
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If no external adjustments are required the following pins 
should be connected to analog ground (AGND) for optimum 
performance: RO ADJ , RG ADJ , ADJ+, and ADJ-. 

Typical Application Schematic 

A typical application schematic diagram for the HI5800 is 
shown with the block diagram. The adjust pins are shown 
with 10kQ potentiometers used for gain and offset adjust- 
ments. These potentiometers may be left out and the 
respective pins should be connected to ground for best 
untrimmed performance. 

Definitions 

Static Performance Definitions 

Offset, fullscale, and gain all use a measured value of the 
internal voltage reference to determine the ideal plus and 
minus fullscale values. The results are all displayed in 
LSB’s. 

Offset Error (VOS) 

The first code transition should occur at a level V 2 LSB 
above the negative fullscale. Offset is defined as the devia- 
tion of the actual code transition from this point. Note that 
this is adjustable to zero. 

Fullscale Error (FSE) 

The last code transition should occur for a analog input that 
is lV 2 LSBs below positive fullscale. Fullscale error is 
defined as the deviation of the actual code transition from 
this point. 

Differential Linearity Error (DNL) 

DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. The converter is guaranteed for no 
missing codes over all temperature ranges. 

Integral Linearity Error (INL) 

INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 

Power Supply Rejection (PSRR) 

Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and fullscale error is noted. The 
number reported is the percent change in these parameters 
versus fullscale divided by the percent change in the supply. 

Dynamic Performance Definitions 

Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the HI5800. A low distortion 
sine wave is applied to the input, it is sampled, and the out- 


put is stored in RAM. The data is then transformed into the 
frequency domain with a 4096 point FFT and analyzed to 
evaluate the dynamic performance of the A/D. The sine 
wave input to the part is -0.5dB down from fullscale for all 
these tests. Distortion results are quoted in dBc (decibels 
with respect to carrier) and DO NOT include any correction 
factors for normalizing to full scale. 

Signal-to-Noise Ratio (SNR) 

SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 

Signal-to-Noise + Distortion Ratio (SINAD) 

SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding 
DC. 

Effective Number Of Bits (ENOB) 

The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 

ENOB = (SINAD - 1 .76 + V CO rr) / 6.02 

where: Vqqpp = 0.5dB 

Total Harmonic Distortion (THD) 

THD is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the measured input signal. 

Spurious Free Dynamic Range (SFDR) 

SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent. If the harmonics are buried in the noise floor it is the 
largest peak. 

Intermodulation Distortion (IMD) 

Nonlinearities in the signal path will tend to generate inter- 
modulation products when two tones, f 1 and f2, are present 
on the inputs. The ratio of the measured signal to the distor- 
tion terms is calculated. The IMD products used to calculate 
the total distortion are (f2-f1), (f2+f1), (2f1-f2), (2f1+f2), (2f2- 
fl), (2f2+f1), (3f1-f2), (3f1+f2), (3f2-f1), (3f2+f1), (2f2-2f1), 
(2f2+2f1), (2f1), (2f2), (2f1), (2f2), (4f1), (4f2). The data 
reflects the sum of all the IMD products. 

Full Power Input Bandwidth 

Full power input bandwidth is the frequency at which the 
amplitude of the fundamental of the digital output word has 
decreased 3dB below the amplitude of an input sine wave. 
The input sine wave has a peak-to-peak amplitude equal to 
the reference voltage. The bandwidth given is measured at 
the specified sampling frequency. 
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Die Characteristics 

DIE DIMENSIONS: 

202 x 283 x 1 9 ± 1 mils 

METALLIZATION: 

Metal 1: Type: AlSiCu, Thickness: 6kA +1500A/-750A 
Metal 1: Type: AlSiCu, Thickness: 16KA +2500A/-110oA 

GLASSIVATION: 

Type: Sandwich Passivation - Nitride + Undoped Si Glass (USG) 
Thickness: Nitride - 4KA, USG - 8kA, Total - 12kA ±2kA 

TRANSISTOR COUNT: 10K 

SUBSTRATE POTENTIAL (Powered Up): V EE 

Metallization Mask Layout 

HI5800 
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HI5805 


PRELIMINARY 


12-Bit, 5 MSPS A/D Converter 


Features 

• 5 MSPS Sampling Rate 

• Low Power 

• Internal Sample and Hold 

• Fully Differential Architecture 

• 100MHz Full Power Input Bandwidth 

• HI5805E Extends the FPIBW to >300MHz 

• Low Distortion 

• Internal Reference 

• TTL7CMOS Compatible Digital I/O 

• 5V or 3.0V Digital Outputs 


Description 

The HI5805 is a monolithic, 12-bit, Analog-to-Digital Con- 
verter fabricated in Harris’ HBC10 BiCMOS process. It is 
designed for high speed, high resolution applications where 
wide bandwidth and low power consumption are essential. 

The HI5805 is designed in a fully differential pipelined archi- 
tecture with a front end differential-in-differential-out sample- 
and-hold (S/H). The HI5805 has excellent dynamic perfor- 
mance while consuming 300mW power at 5 MSPS. 

The 100MHz full power input bandwidth is ideal for commu- 
nication systems and document scanner applications. Data 
output latches are provided which present valid data to the 
output bus with a latency of 3 clock cycles. The digital out- 
puts have a separate supply pin which can be powered from 
a 3.0V to 5.0V supply. 


Applications 

• Digital Communication Systems 

• Undersampiing Digital IF 

• Document Scanners 


Ordering Information 



■40°C to +85°C 28 Lead Plas- 

tic SOIC (W) 


Pinout 


28 LEAD SOIC 

TOP VIEW 


clkLl 

DVccGE 

d gnd Dl 
DVccE 
d gnd [E 
AVccE 

Agnd IZ 

V,N+ GE 
V,n-E 

VdcEo 

vrout in 

v rin m 
Aqnd El 

AV cc Ei_ 


m DVcci 

ZD d gndi 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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Specifications HI5805 


Absolute Maximum Ratings 


Supply Voltage, AV GG or DV GG to A G nd or D G nq +6.0V 

Dqnd to A gnd 0.3V 

Digital I/O Pins Dgnd to DVqq 

Analog I/O Pins A GND to AV CC 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10s) +300°C 

(Lead Tips Only) 


Thermal Information 


Thermal Resistance 0 JA 

HI5805BIB 75°C/W 

Maximum Junction Temperature +150°C 

Operating Temperature Range 

HI5805BIB -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications av cc = dv cc = dv cc1 = +5.ov, f s = 5 msps at 50% Duty Cycle, v RIN = 3.5V, c L = i opF, 
T a = -40°C to +85°C, Unless Otherwise Specified 




HI5805BIB 
-40°C to +85°C 


PARAMETER 

TEST CONDITION 

MIN 

TYP 

MAX 

UNITS 


ACCURACY 


Resolution 


12 

- 

- 

Bits 

Integral Linearity Error, INL 

f|N = DC 

- 

±1 

±2 

LSB 

Differential Linearity Error, DNL 
(Guaranteed No Missing Codes) 

f IN = DC 

- 

±0.5 

±1 

LSB 

Offset Error, V os 

f|N = DC 

- 

TBD 

- 

LSB 

Full Scale Error, FSE 

z* 

ii 

o 

o 

- 

TBD 

- 

LSB 


DYNAMIC CHARACTERISTICS 


Minimum Conversion Rate 


Maximum Conversion Rate 


Effective Number of Bits, ENOB 


Signal to Noise Ratio, SNR 

_ RMS Signal 
RMS Noise 


Signal to Noise Ratio, SI NAD 
RMS Signal 

” RMS Noise + Distortion 


Total Harmonic Distortion, THD 


2nd Harmonic Distortion 


No Missing Codes 


No Missing Codes 


f| N = 1MHz 



Intermodulation Distortion, IMD 


Transient Response 


Over-Voltage Recovery 


ANALOG INPUT 


Analog Input Resistance, R !N 


Analog Input Capacitance, C iN 


Analog Input Bias Current, l B 


Full Power Input Bandwidth (FPIBW) 


Analog Input Common Mode Range (V !N + + V iN -)/2 


Differential Mode (Note 1) 



















































































































Specifications HI5805 


Electrical Specifications av cc = dv cc = dv cc1 = + 5 .ov, f s = 5 msps at 50% Duty Cycle, v RjN = 3 . 5 V, c L = iopF, 
T a = -40°C to +85°C, Unless Otherwise Specified (Continued) 



1 . Parameter guaranteed by design or characterization and not production tested. 

2. With the clock off (clock low, hold mode). 
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Pin Description 


PIN# 

NAME 

DESCRIPTION 

1 

CLK 

Input Clock 

2 

DV CC 

Digital Supply 

3 

d gnd 

Digital Ground 

4 

8 

> 

Q 

Digital Supply 

5 

j °GND | 

Digital Ground 

6 

o 

o 

< 

Analog Supply 

7 

a gnd 

Analog Ground 

8 

V|N+ 

Positive Analog Input 

9 

V,N- 

Negative Analog Input 

10 

< 

D 

O 

DC Output 

11 

Vrout 

Reference Output 

12 

Vr,n 

Reference Input 

13 

A GND 

Analog Ground 

14 

> 

< 

o 

o 

Analog Supply 

15 

Dll 

Data Bit 1 1 Output (MSB) 

16 

D10 

Data Bit 1 0 Output 

17 

D9 

Data Bit 9 Output 

18 

D8 

Data Bit 8 Output 

19 

D7 

Data Bit 7 Output 

20 

D6 

Data Bit 6 Output 

21 

D GND1 

Output Digital Ground 

22 

DVcci 

Output Digital Supply 

23 

D5 

Data Bit 5 Output 

24 

D4 

Data Bit 4 Output 

25 

D3 

Data Bit 3 Output 

26 

D2 

Data Bit 2 Output 

27 

D1 

Data Bit 1 Output 

28 

DO 

Data Bit 0 Output (LSB) 


output for the converter core. During the sampling phase, 
the V )N pins see only the on-resistance of a switch and C s . 
The small values of these components result in a typical full 
power input bandwidth of 100MHz. 



Detailed Description 

Theory of Operation 

The HI5805 is a 12-bit fully differential sampling pipeline A/D 
converter with digital error correction. Figure 3 depicts the 
circuit for the front end differential-in-differential-out sample- 
and-hold (S/H). The switches are controlled by an internal 
clock which is a non-overlapping two phase signal, <j>i and 
<t> 2 , derived from the master clock. During the sampling 
phase, (j)-,, the input signal is applied to the sampling capaci- 
tors, C s - At the same time the holding capacitors, C H , are 
discharged to analog ground. At the falling edge of ^ the 
input signal is sampled on the bottom plates of the sampling 
capacitors. In the next clock phase, (fe, the two bottom plates 
of the sampling capacitors are connected together and the 
holding capacitors are switched to the op-amp output nodes. 
The charge then redistributes between Cg and C H complet- 
ing one sample-and-hold cycle. The output is a fully-differen- 
tial, sampled-data representation of the analog input. The 
circuit not only performs the sample-and-hold function but 
will also convert a single-ended input to a fully-differential 


FIGURE 3. ANALOG INPUT SAMPLE-AND-HOLD 

As illustrated in the functional block diagram and the timing 
diagram in Figure 1, three identical pipeline subconverter 
stages, each containing a four-bit flash converter, a four-bit 
digital-to-analog converter and an amplifier with a voltage 
gain of 8, follow the S/H circuit with the fourth stage being 
only a 4-bit flash converter. Each converter stage in the pipe- 
line will be sampling in one phase and amplifying in the other 
clock phase. Each individual sub-converter clock signal is 
offset by 1 80 degrees from the previous stage clock signal, 
with the result that alternate stages in the pipeline will per- 
form the same operation. 

The 4-bit digital output of each stage is fed to a digital delay 
line controlled by the internal clock. The purpose of the delay 
line is to align the digital output data to the corresponding 
sampled analog input signal. This delayed data is fed to the 
digital error correction circuit which corrects the error in the 
output data with the information contained in the redundant 
bits to form the final 1 2-bit output for the converter. 

Because of the pipeline nature of this converter, the data on 
the bus is output at the 3rd cycle of the clock after the analog 
sample is taken. This delay is specified as the data latency. 
After the data latency time, the data representing each suc- 
ceeding sample is output at the following clock pulse. The 
output data is synchronized to the external clock by a latch. 
The digital outputs are in offset binary format (See Table 1). 

Reference Generator, V R0UT and V RIN 

The H 15805 has an internal reference generator, therefore, 
no external reference voltage is required. V RO ut must be 
connected to V R)N when using the internal reference. 

The H 15805 can be used with an external reference. The 
converter requires only one external reference voltage con- 
nected to the V RiN pin with V RO ut left open. 

The HI5805 is tested with V R | N equal to 3.5V. Internal to the 
converter, two reference voltages of 1 .3V and 3.3V are gen- 
erated for a fully differential input signal range of ±2V. 

In order to minimize overall converter noise, it is recom- 
mended that adequate high frequency decoupling be pro- 
vided at the reference input pin, V R)N . 
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TABLE 1. A/D CODE TABLE 


OFFSET BINARY OUTPUT CODE 


CODE CENTER 
DESCRIPTION 


DIFFERENTIAL 
INPUT VOLT- 
AGE f (USING I MSB 
INTERNAL I 

REFERENCE) I Dll I DIO I D9 I D8 I D7 


+Full Scale(+FS) - 1/4 LSB +1. 99976V 


+FS - 1 1/4 LSB 


+ 3/4 LSB 


- 1/4 LSB 


-FS + 1 3/4 LSB 


1.99878V 


732.4nV 


-244. 1 H.V 


-1.99829V 


-Full Scale (-FS) + 3/4 LSB -1.99927V 


0 0 0 0 


0 0 0 0 


0 0 0 0 


0 

0 

0 

0 


i The voltages listed above represent the ideal center of each offset binary output code shown as a function of the reference voltage. 


Analog Input, Differential Connection 

The analog input to the H 15805 can be configured in various 
ways depending on the signal source and the required level 
of performance. A fully differential connection (Figure 4) will 
give the best performance for the converter. 



FIGURE 4. AC COUPLED DIFFERENTIAL INPUT 


Since the HI5805 is powered off a single +5V supply, the 
analog input must be biased so it lies within the input com- 
mon mode range of 1.0V to 4.0V. The performance of the 
ADC does not change significantly with the value of the com- 
mon mode voltage. 

A 2.3V DC voltage source, V DC , half way between the top 
and bottom internal reference voltages, is made available to 
the user to help simplify circuit design when using a differen- 
tial input. This low output impedance voltage source is not 
designed to be a reference but makes an excellent bias 
source and stays within the common mode range over tem- 
perature. It has a temperature coefficient of about 200ppm. 

The difference between the two internal voltage references is 
2V. If V| N is a 2V P _p sinewave riding on a common mode volt- 
age equal to V DC , the converter will be at positive full scale 
when the V !N + input is at V DC + IV and V )N - is at V DC - IV 
(V|n+ " V|n- = 2V). Conversely, the ADC will be at negative full 
scale when the V| N + input is equal to V DC - IV and V iN - is at 
V D c + 1V(V 1N+ -V IN - = -2V). 


Analog Input, Single-Ended Connection 

The configuration shown in Figure 5 may be used with a sin- 
gle ended AC coupled input. Sufficient headroom must be 
provided such that the input voltage never goes above +5V 
or below A GND . 



FIGURE 5. AC COUPLED SINGLE ENDED INPUT 


Again, the difference between the two internal voltage refer- 
ences is 2V. If V| N is a 4V P _ P sinewave riding on a positive 
voltage equal to V DC , the converter will be at positive full 
scale when V (N is at V DC + 2V and will be at negative full 
scale when V jN is equal to V DC - 2V. In this case, V DC could 
range between 2 V and 3V without a significant change in 
ADC performance. 

A single ended source will give better overall system perfor- 
mance if it is first converted to differential before driving the 
HI5805. 

Digital I/O and Clock Requirements 

The HI 5805 provides a standard high-speed interface to 
external TTL/CMOS logic families. The digital CMOS clock 
input has TTL level thresholds. The low input bias current 
allows the HI5805 to be driven by CMOS logic. 

The digital CMOS outputs have a separate digital supply. 
This allows the digital outputs to operate from a 3.0V to 5.0V 
supply. When driving CMOS logic, the digital outputs will 
swing to the rails. When driving standard TTL loads, the dig- 
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ital outputs will meet standard TTL level requirements even 
with a 3.0V supply. 

In order to ensure rated performance of the HI5805, the duty 
cycle of the clock should be held at 50% ±5%. It must also 
have low jitter and operate at standard TTL levels. 

Performance of the HI5805 will only be guaranteed at con- 
version rates above 0.5 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. 

Supply and Ground Considerations 

The HI5805 has separate analog and digital supply and 
ground pins to keep digital noise out of the analog signal 
path. The part should be mounted on a board that provides 
separate low impedance connections for the analog and dig- 
ital supplies and grounds. For best performance, the sup- 
plies to the HI5805 should be driven by clean, linear 
regulated supplies. The board should also have good high 
frequency decoupling capacitors mounted as close as possi- 
ble to the converter. If the part is powered off a single supply 
then the analog supply and ground pins should be isolated 
by ferrite beads from the digital supply and ground pins. 

Refer to the Application Note AN9214, “Using Harris High 
Speed A/D Converters” for additional considerations when 
using high speed converters. 

Static Performance Definitions 

Offset Error (V os ) 

The midscale code transition should occur at a level 1/4 LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 

Full-Scale Error (FSE) 

The last code transition should occur for an analog input that 
is 3/4 LSB’s below positive full-scale with the offset error 
removed. Full-scale error is defined as the deviation of the 
actual code transition from this point. 

Differential Linearity Error (DNL) 

DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 

Integral Linearity Error (INL) 

INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 

Power Supply Rejection Ratio (PSRR) 

Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and gain error (in LSB’s) is noted. 

Dynamic Performance Definitions 

Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the HI5805. A low distortion 
sine wave is applied to the input, it is coherently sampled, 
and the output is stored in RAM. The data is then trans- 
formed into the frequency domain with an FFT and analyzed 
to evaluate the dynamic performance of the A/D. The sine 


wave input to the part is -0.5dB down from full-scale for all 
these tests. SNR and SIN AD are quoted in dB. The distor- 
tion numbers are quoted in dBc (decibels with respect to car- 
rier) and DO NOT include any correction factors for 
normalizing to full scale. 

Signal-to-Noise Ratio (SNR) 

SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 

Signal-to-Noise + Distortion Ratio (SINAD) 

SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency, excluding 
DC. 

Effective Number Of Bits (ENOB) 

The effective number of bits (ENOB) is calculated from the 
SINAD data by: 

ENOB = (SINAD + V CQRR -1 .76) /6.02 
where: V C0RR = 0.5dB 

V C orr adjusts the ENOB for the amount the input is below 
fullscale. 

Total Harmonic Distortion (THD) 

THD is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the fundamental input signal. 

2nd and 3rd Harmonic Distortion 

This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 

Intermodulation Distortion (IMD) 

Nonlinearities in the signal path will tend to generate intermodu- 
lation products when two tones, fi and f 2 , are present on the 
inputs. The ratio of the measured distortion terms to the signal 
is calculated. The terms included in the calculation are (f-| + f 2 ), 
(fi “ * 2 ). (2fi), (2*2), (2f t + f 2 ), (2f-j - f 2 ), ft + 2f 2 ), ft - 2f 2 ). The 
ADC is tested with each tone 6dB below full scale. 

Spurious Free Dynamic Range (SFDR) 

SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent in the spectrum below fs/2. 

Transient Response 

Transient response is measured by providing a fullscale 
transition to the analog input of the ADC and measuring the 
number of cycles it takes for the output code to settle within 
12-bit accuracy. 

Over-Voltage Recovery 

Over-voltage Recovery is measured by providing a fullscale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 12-bit accuracy. 
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Full Power Input Bandwidth (FPIBW) 

Full power input bandwidth is the frequency at which the 
amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sine wave. 
The input sine wave has a peak-to-peak amplitude equal to 
the difference between the two internal voltage references. 
The bandwidth given is measured at the specified sampling 
frequency. 

Timing Definitions 

Refer to Figure 1 and Figure 2 for these definitions. 

Aperture Delay (t AD ) 

Aperture delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 

Aperture Jitter (t AJ ) 


Data Hold Time (t H ) 

Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 

Data Output Delay Time (t 0 o) 

Data output delay time is the time to where the new data (N) 
is valid. 

Data Latency (t LAT ) 

After the analog sample is taken, the data is output on the 
bus after the third cycle of the clock. This is due to the pipe- 
line nature of the converter where the data has to ripple 
through the stages. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input by 3 cycles. 


This is the RMS variation in the aperture delay due to varia- 
tion of internal clock path delays. 






Features 

• 16-Bit Resolution with No Missing Codes 

• 0.0015% Integral Non-Linearity 

• On Chip 8 Channel Multiplexer 

• 20mV to 2.5V Full Scale Input Ranges 

• Low Power Dissipation; 40m W (Max) 

• Internal PGIA with Gains of 1 to 8 

• Serial Data I/O Interface, SPI Compatible 

• Differential Analog and Reference Inputs 

• System Calibration 

• -120dB Rejection of 60/50Hz Line Noise 

Applications 

• Multi-Channel Process Controls 

• Multi-Channel Industrial Controls 

• Weight Scales 

• Medical Patient Monitoring 

• Laboratory Instrumentation 

Ordering Information 


PART 

NUMBER 

HI7188IP 
HI 71 881 N 


TEMPERATURE 

RANGE 

-40°C to +85°C 
-40°C to +85°C 


PACKAGE 

40 Lead Plastic DIP 
44 Lead MQFP 


Description 

The Harris HI7188 is a monolithic 8-channel sigma-delta 
instrumentation A/D converter suitable for physical and elec- 
trical measurements in scientific, medical, and industrial 
applications where the input frequency is below 25Hz. The 
signal and reference inputs are fully differential for maximum 
flexibility and performance. An internal Programmable Gain 
Instrumentation Amplifier (PGIA) provides input gains of 1, 
2, 4, and 8. 

The output data rate of the HI7188 is 240 or 200 conversions 
per second per channel when used in the 60 or 50Hz line rejec- 
tion modes respectively. While operating from 5V power sup- 
plies the digital filter provides over 120dB of 60/50Hz noise 
rejection. If line noise rejection is not required, the HI7188 can 
operate at higher speeds. 

The HI7188 supports continuous conversion on any number 
of channels (up to 8) with both the number of channels to be 
converted and the order they are to be converted controlled 
by the user. System offset and gain calibration modes com- 
pensate for offset and gain errors due to drifts that may 
occur over time and temperature. 

The HI7188 contains a serial I/O port, and is compatible with 
most synchronous transfer formats, including both the 
Motorola/Harris 6805/11 series SPI and Intel 8051 series 
SSR protocols. A sophisticated set of commands gives the 
user control over calibration, PGIA gain, and bipolar/unipolar 
modes on a per channel basis. Number of channels to con- 
vert, data coding, line noise rejection, etc. can be pro- 
grammed at the chip level. The on-chip calibration registers 
allow the user to read and write calibration data. 



Additional Reference Documents 

• AN9504 “A Brief Introduction to Sigma Delta 
Conversion” 

• TB329 “Harris Sigma-Delta Calibration Techniques” 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 . ... 
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Specifications HI7188 


Absolute Maximum Ratings 


Supply Voltage 

AV dd to AGND +5.5V 

AV SS to AGND -5.5V 

DV dd to DGND +5.5V 

DGND to AGND ±0.3V 

Analog Input Pins AV SS to AV DD 

Digital Input, Output and I/O Pins. DGND to DV dd 

ESD Tolerance (No Damage) 2500V 


Thermal Reliability Information 


Thermal Resistance (Note 1 ) 0 JA 

HI7188IP 50°C/W 

HI7188IN 80°C/W 

Maximum Power Dissipation 

HI7188lx 0.5W 

Operating Temperature Range -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Junction Temperature +150°C 

Lead Temperature (Soldering 10s) +300° 

(MQFP - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 


PARAMETER 


SYSTEM PERFORMANCE 


Resolution 


Integral Non-Linearity, INL 


Differential Non-Linearity 


Offset Error, V 0 s 

(Can be Calibrated to Zero) 


Full Scale Error, FSE 
(Can be Calibrated to Zero) 


Gain Error 

(Can be Calibrated to Zero) 


Noise, e N 


Common Mode Rejection Ratio, 
CMRR 


Off Channel Isolation 


ANALOG INPUT 


Common Mode Input Range, 
Vcm 


Input Leakage Current, l (N 


Input Capacitance, C iN 


DIGITAL INPUTS 


Input Logic High Voltage, V )H 


Input Logic Low Voltage, V )L 


Input Logic Current, l| 


Input Capacitance, C| N 


AV dd = +5V, AV SS = -5V, DV dd = +5V, V RH , = +2.5V, V RL0 = AGND, V CM = AGND, PGIA Gain = 1 , 
OSC iN = 3.6864MHz, Bipolar Input Range Selected 


TEST CONDITION 


Dependent on Gain (Note 2) 


FS = 25Hz, +FS, +MS, 0, -MS, -FS 
End Point Line Method (Notes 3, 5, 6) 


(Note 2) 


v inhi = v inlo (Notes 3, 4) 


V|nhi-V,nlo = +2.5V (Notes 3, 4) 


Slope = +Full Scale - (-Full Scale) 
(Notes 3, 4) 


V CM = 0V (Note 5) Delta V CM = +3V 


(Note 2) 


V 1N = 0V, +5V 


V, N = 0V (Note 2) 


-40°C TO +85°C 


MAX 



No Missing Codes to 1 6-Bits 





16 Bits 


0.0007 0.0015 %FS 



V 


dB 


dB 














































































Specifications HI7188 


Electrical Specifications av dd = + 5 V, av ss = -5V, dv dd = +sv, v RH i = +2.5V, v RL0 = agnd, v cm = agnd, pgia Gain = i , 
OSC )N = 3.6864MHz, Bipolar Input Range Selected (Continued) 



-40°C TO +85°C 


TEST CONDITION 



DIGITAL OUTPUTS 


Output Logic High Voltage, V 0 h 


Output Logic Low Voltage, V 0L 


Output Three-State Leakage 
Current, l oz 


Digital Output Capacitance, C 0 ut 


POWER SUPPLY CHARACTERISTICS 


Iqut = -lOOpA (Note 7) 


Iqut = 3.0mA (Note 7) 



Vquj = 0V, +5V (Note 7) 



Power Dissipation, Active PD A 


Power Dissipation, Sleep PD S 



AV dd = +5V, OSCi = 3.6864MHz (Note 3) 


AV SS = -5V, OSCi = 3.6864MHz (Note 3) 


DV dd = +5V, SCLK = 4MHz 


AV dd = +5V, AV SS = -5V, SLP = ‘O’ 
(Notes 3, 9) 


AV dd = +5V, AV SS = -5V, SLP = ‘1 ’ 
(Notes 3, 9) 


AV dd = +5V, AV SS = -5V, (Note 3) 



1. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

2. Parameter guaranteed by design or characterization, not production tested. 

3. Applies to both Bipolar and Unipolar input Ranges. 

4. These errors can be removed by re-calibrating at the desired operating temperature. 

5. Applies after calibration. 

6. Fully differential input signal source is used. 

7. See Load Test Circuit R1 = 10k, C L = 50pF (Includes Stray and Jig Capacitance). 

8. For Line Noise Rejection, 3.6864MHz is required to develope internal clocks to reject 50/60Hz. 

9. SLP is the sleep mode enable bit defined in bit 3 of the Control Register (CR <3>). 
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Pin Description 


44 PIN QUAD 
40 PIN DIP FLAT PACK 


PIN NAME 


MODE 



PIN DESCRIPTION 


Mode input. Used to select between Synchronous Self Clocking (MODE = 1) or 
Synchronous External Clocking (MODE = 0) for the Serial Port. 


Serial clock input. Synchronizes serial data transfers. 


Serial Data Out. Serial data is read from this line when using a 3 wire serial protocol 
such as the Motorola Serial Peripheral Interface. 


Serial Data In or Out. Serial data is written to this pin for loading the command register 
and instruction register, and for reading data. This line is bidirectional programmable 
and interfaces directly to the Intel Standard Serial Interface using a 2 wire serial 
protocol. 


Oscillator clock input for the device. A crystal connected between OSCi and OSC 2 will 
provide a clock to the device, or an external oscillator can drive OSC-j. The oscillator 
frequency should be 3.6864MHz). 


Used to connect a crystal source between OSC-) and OSC 2 . Leave open otherwise. 


Positive Digital supply (+5V). 


Digital supply ground 


9, 30 

5, 6, 27, 28 

AV SS 

Negative analog power supply (-5V). 

10 

7 

V INL1 

Analog input low for Channel 1 . 

11 

8 

V INH1 

Analog input high for Channel 1 . 

12 

9 

V INL2 

Analog input low for Channel 2. 

13 

10 

V|NH2 

Analog input high for Channel 2. 

14 

11 

V INL3 

Analog input low for Channel 3. 



Analog input high for Channel 3. 


Analog input low for Channel 4. 


Analog input high for Channel 4. 


Analog input low for Channel 5. 


Analog input high for Channel 5. 


Analog input low for Channel 6. 


Analog input high for Channel 6. 


Analog input low for Channel 7. 


Analog input high for Channel 7. 


Analog input low for Channel 8. 


Analog input high for Channel 8. 


Common mode voltage. Should be tied to the mid point of AV DD and AV SS . 


External reference input. Should be negative referenced to V RH) . 
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Pin Description (Continued) 

44 PIN QUAD 

40 PIN DIP FLAT PACK PIN NAME PIN DESCRIPTION 

28 25 V RHi External reference input. Should be positive referenced to V RL0 . 

29 26 AV dd Positive analog power supply (+5V). 

32 31 RST Reset (active low) input. Resets registers, filter, and state machines. 

33 32 CA Calibration Active output. Indicates that at least one channel is in a calibration mode. 

34 33 MXC Multiplexer Control output. Indicates that the conversion for the active channel is complete. 

35 34 A 0 Channel count output (LSB). 

36 35 A-| Channel count output. 

37 36 A 2 Channel count output (MSB). 

38 37 EOS End of Scan output. Signals the end of a channel scan (all programmed channels have 

been converted) and data is available to be read. 

39 38 RSTI/O I/O Reset (active low) input. Resets serial interface state machine only. 

40 40 CS Chip Select input. Used to select a serial data transfer cycle. This line can be tied to 

DGND. 
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Features 

• 22-Bit Resolution with No Missing Code 

• 0.0007% Integral Non-Linearity (Typ) 

• 20mV to ±2.5V Full Scale Input Ranges 

• Internal PGIA with Gains of 1 to 128 

• Serial Data I/O Interface, SPI Compatible 

• Differential Analog and Reference Inputs 

• Internal or System Calibration 

• -120dB Rejection of 60/50Hz Line Noise 

• Min. Settling Time of 3 Conversions for Step Input 

Applications 

• Process Control and Measurement 

• Industrial Weight Scales 

• Part Counting Scales 

• Laboratory Instrumentation 

• Motion Control 

• Seismic Monitoring 

• Magnetic Field Monitoring 

• Intruder Detection 

• Medical Patient Monitoring 


HI7190 

24-Bit High Precision 
Sigma Delta A/D Converter 


Description 

The Harris H 171 90 is a monolithic instrumentation sigma delta 
A/D converter which operates from +5V supplies. Both the 
signal and reference inputs are fully differential for maximum 
flexibility and performance. An internal Programmable Gain 
Instrumentation Amplifier (PGIA) provides input gains from 1 
to 128 eliminating the need for external pre-amplifiers. The 
on-demand converter auto-calibrate function is capable of 
removing offset and gain errors existing in external and inter- 
nal circuitry. The on-board user programmable digital filter 
provides over -120dB of 60/50Hz noise rejection and allows 
fine tuning of resolution and conversion speed over a wide 
dynamic range. 

The HI7190 contains a serial I/O port and is compatible with 
most synchronous transfer formats including both the Motor- 
ola 6805/11 series SPI and Intel 8051 series SSR protocols. A 
sophisticated set of commands gives the user control over 
calibration, PGIA gain, device selection, standby mode, and 
several other features. The On-chip Calibration Registers 
allow the user to read and write calibration data. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HI7190IP 

-40°C to +85°C 

20 Lead Plastic DIP 

HI7190IB 

-40°C to +85°C 

20 Lead Plastic SOIC (W) 


Pinout 


HI7190 
(PDIP, SOIC) 
TOP VIEW 


SCLK [T 


2o] MODE 

SDO [7 


53 SYNC 

SDIO [7 


75| RESET 

cs [7 


53 OSq 

DRDY [7 


53 OSC 2 

DGND [7 


13 DV dd 

AV SS [I 


53 AGND 

Vrlo E 


53 av dd 

V RHI DE 


H V INHI 

vcm Es 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pjj e Number 361 2.1 

Copyright © Harris Corporation 1995 
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Specifications HI7190 


Absolute Maximum Ratings 


Thermal Information 


Supply Voltage Thermal Resistance (Note 1 ) 0 JA 

AV D d to AGND +5.5V HI7190IP 125°C/W 

AV SS to AGND -5.5V HI71 90IB 1 00°C/W 

DVdd to DGND +5.5V Maximum Power Dissipation 

DGND to AGND ±0.3V HI71 90lx 0.5W 

Analog Input Pins AV SS to AV DD Operating Temperature Range .-40°C to +85°C 

Digital Input, Output and I/O Pins DGND to DV dd Junction Temperature 

ESD Tolerance (No Damage) HI7190lx +150°C 

Human Body Model 500V Lead Temperature (Soldering, 10s) +300°C 

Machine Model +100V For SOIC - Lead Tips Only 

Charged Device Model 1000V Storage Temperature Range -65°C to +150°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications AV dd = +5V, AVgg = -5V, DV dd = +5V, Vrri = +2.5V, Vrlo = AGND = 0V, Vqm = AGND, 
PGIA Gain = 1, OSC )N = 10MHz, Bipolar Input Range Selected, f N = 10Hz 


PARAMETER 


SYSTEM PERFORMANCE 


Integral Non-Linearity, INL 


Differential Non-Linearity 


Offset Error, v os 


Offset Error Drift 


Full Scale Error, FSE 


Noise, e N 


TEST CONDITION 


End Point Line Method (Notes 3, 5, 6,) 


Common Mode Rejection Ratio, CMRR | V CM = 0V V )NH | = V iNL0 * rom " 2V t0 +2V 


Normal Mode 50Hz Rejection 


Normal Mode 60Hz Rejection 


Step Response Settling Time 


ANALOG INPUTS 


Input Voltage Range 


Input Voltage Range 


Common Mode Input Range 


Input Leakage Current, l )N 


Input Capacitance, C )N 


Reference Voltage Range, V REF 
(Vref = V RH i - V RL0 ) 


Transducer Burn-Out Current, l B0 


CALIBRATION LIMITS 


Positive Full Scale Calibration Limit 


Negative Full Scale Calibration Limit 


Offset Calibration Limit 
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Specifications HI7190 


Electrical Specifications av dd = + 5 V, av ss = -sv, dv dd = + 5V, v RH | = +2.5V, v RL0 = agnd = ov, v CM = agnd, 

PGIA Gain = 1, OSC| N = 10MHz, Bipolar Input Range Selected, f N = 10Hz (Continued) 


PARAMETER 

TEST CONDITION 

MIN 

TYP 

MAX 

UNITS 




DIGITAL INPUTS 


Input Logic High Voltage, V )H 


Input Logic Low Voltage, V )L 


Input Logic Current, l| 


Input Capacitance, C )N 


DIGITAL OUTPUTS 


Output Logic High Voltage, Vqh 


Output Logic Low Voltage, V 0 |_ 


Iqut = ” 1 0OjxA (Note 7) 


Iqut = 3.0mA (Note 7) 


Output Three-State Leakage Current, l oz V 0(JT = 0V, +5V (Note 7) 


Digital Output Capacitance, C 0 ut 


TIMING CHARACTERISTICS 


SCLK Minimum Cycle Time, t SCLK 


SCLK Minimum Pulse Width, t SCLK p W 


CS to SCLK Precharge Time, t PRE 


DRDY Minimum High Pulse Width 


Data Setup to SCLK Rising Edge 
(Write), t DSU 


Data Hold from SCLK Rising Edge 
(Write), tp H LD 


Data Read Access from Instruction 
Byte Write, t ACC 


Read Bit Valid from SCLK Falling Edge, (Note 7) 
*dv 


Last Data Transfer to Data Ready 
Inactive, Idrdy 



RESET Low Pulse Width 

(Note 2) 

100 

SYNC Low Pulse Width 

(Note 2) 

100 

Oscillator Clock Frequency 

(Note 2) 

0.1 

Output Rise/Fall Time 

(Note 2) 

- 

Input Rise/Fall Time 

(Note 2) 

- 

































































































Specifications HI7190 


AV dd = +5V, AV SS = -5V, DV dd = +5V, V RHI = +2.5V, V RL0 = AGND = OV, V 0M = AGND, 
PGIA Gain = 1, OSC )N - 10MHz, Bipolar Input Range Selected, f N = 10Hz (Continued) 


TEST CONDITION 

MIN 

TYP 

MAX 

UNITS 


Electrical Specifications 


PARAMETER 


POWER SUPPLY CHARACTERISTICS 


iav dd 


IAVss 


IDV dd 


Power Dissipation, Active PD A 


Power Dissipation, Standby PD S 


PSRR 


NOTES: 

1. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

2. Parameter guaranteed by design or characterization, not production tested. 

3. Applies to both bipolar and unipolar input ranges. 

4. These errors can be removed by re-calibrating at the desired operating temperature. 

5. Applies after system calibration. 

6. Fully differential input signal source is used. 

7. See Load Test Circuit, Figure 10, R1 = 10kQ, C L = 50pF. 

8. 1 LSB = 298nV at 24-bits for a Full Scale Range of 5V. 

9. V REF = V RH , - V RL0 

10. These errors are on the order of the output noise shown in Table 1 . 



SCLK = 4MHz 


SB = ‘O’ 


SB = T 


(Note 3) 
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Pin Descriptions 


20 LEAD 

DIP, SOIC PIN NAME 


PIN DESCRIPTION 


Serial interface clock. Synchronizes serial data transfers. Data is input on the rising edge and output on the 
falling edge. 


Serial Data OUT. Serial data is read from this line when using a 3-wire serial protocol such as the 
Motorola Serial Peripheral Interface. 


Serial Data IN or OUT. This line is bidirectional programmable and interfaces directly to the Intel Standard Serial 
Interface using a 2-wire serial protocol. 


Chip Select input. Used to select the HI7190 for a serial data transfer cycle. This line can be tied to DGND. 


An active low interrupt indicating that a new data word is available for reading. 


Digital supply ground. 


Negative analog power supply (-5V). 


External reference input. Should be negative referenced to V RH) . 


External reference input. Should be positive referenced to V RL0 . 


Common mode input. Should be set to halfway between AV DD and AV SS . 


Analog Input LO. Negative input of the PGIA. 


Analog Input HI. Positive input of the PGIA. The V INH( input is connected to a current source that can be used to check 
the condition of an external transducer. This current source is controlled via the Control Register. 


Positive analog power supply (+5V). 


Analog supply ground. 


Positive digital supply (+5V). 


Used to connect a crystal source between OSC 1 and OSC 2 . Leave open otherwise. 


Oscillator clock input for the device. A crystal connected between OS^ and OSC 2 will provide a clock to the 
device, or an external oscillator can drive OSC-|. The oscillator frequency should be 10MHz (Typ). 


Active low Reset pin. Used to initialize the HI7190 registers, filter and state machines. 


Active low Sync input. Used to control the synchronization of a number of HI7190s. A logic ‘0’ initializes the converter. 


Mode pin. Used to select between Synchronous Self Clocking (Mode = 1) or Synchronous External Clocking 
(Mode = 0) for the Serial Port. 


Load Test Circuit 


ESD Test Circuit 


=: C L (INCLUDES STRAY 
1 CAPACITANCE) 


Cesd OUT 


HUMAN BODY 
Cesd = 1 0OpF 
R, = 10MQ 
R 2 = 1.5kQ 

MACHINE MODEL 

Cesd = 200pF 
Ri = lOMft 
R 2 = 0Q 



CHARGED DEVICE MODEL 
R 1 = 1Ga 
R 2 = 1Q 
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HI7190 


Definitions 

Integral Non-Linearity (INL) - This is the maximum devia- 
tion of any digital code from a straight line passing through the 
endpoints of the transfer function. The endpoints of the trans- 
fer function are zero scale (a point 0.5 LSB below the first 
code transition 000.. .000 and 000.. .001) and full scale (a point 
0.5 LSB above the last code transition 111 ...110 to 111. ..111). 

Differential Non-Linearity (DNL) - This is the deviation from 
the actual difference between midpoints and the ideal differ- 
ence between midpoints (1 LSB) for adjacent codes. If this dif- 
ference is equal to or more negative than 1 LSB, a code will 
be missed. 

Offset Error (V 0 s) - The offset error is the deviation of the 
first code transition from the ideal input voltage (V tN - 0.5 
LSB). This error can be calibrated to the order of the noise 
level shown in Table 1 . 

Full Scale Error (FSE) - The full scale error is the deviation 
of the last code transition from the ideal input full-scale volt- 
a 9 e (V| N - + V REF /Gain - 1.5 LSB). This error can be calibrated 
to the order of the noise level shown in Table 1 . 

Input Span - The input span defines the minimum and maxi- 
mum input voltages the device can handle while still calibrat- 
ing properly for gain. 

Noise (e N ) - Table 1 shows the input referred peak-to-peak 
and RMS noise for some typical notch and -3dB frequencies. 
The numbers given are for the bipolar input ranges with a 
V REF of +2.5V which means the input range is ±2.5V. Mea- 
surements are taken for 100 conversions with the peak-to- 
peak output noise being the difference between the maximum 
and minimum readings over the 1 00 conversions. 

Table 1A and IB show the output peak-to-peak noise of the 
device while table 1C shows the RMS output noise referred 
back to the input. The RMS input referred noise data is calcu- 
lated by converting the peak-to-peak numbers to RMS values 
by dividing by a crest factor of 6.6, and then dividing that 
result by the gain of the HI7190. Finally, the Effective Number 
of Bits (ENOB) or effective resolution is calculated by taking 
the log 2 (5V/RMS output noise). 

The noise from the part comes from two sources, the quanti- 
zation noise from the analog-to-digital conversion process 
and device noise. Device noise (or Wideband Noise) is inde- 
pendent of gain and essentially flat across the frequency 
spectrum. Quantization noise is ratiometric to input full-scale 
(and hence gain) and its frequency response is shaped by the 
modulator. 

Looking at the table, as the cut-off frequency increases the 
output noise increases. This is due to more of the quantization 
noise of the part coming through to the output and, hence, the 
output noise increases with increasing -3dB frequencies. For 
the lower notch settings, the output noise is dominated by the 
device noise and, hence, altering the gain has little effect on 
the output noise. At higher notch frequencies, the quantization 
noise dominates the output noise and, in this case, the output 
noise tends to decrease with increasing gain. 


Since the output noise comes from two sources, the effec- 
tive resolution of the device (i.e. the ratio of the input full- 
scale to the output rms noise) does not remain constant with 
increasing gain or with increasing bandwidth. It is possible to 
do post-filtering (such as brick wall filtering) on the data to 
improve the overall resolution for a given -3dB frequency 
and also to further reduce the output noise. 

Circuit Description 

The HI7190 is a monolithic sigma delta A/D converter which 
operates from ±5V supplies and is intended for measurement 
of wide dynamic range, low frequency signals. It contains a 
Programmable Gain Instrumentation Amplifier (PGIA), sigma 
delta ADC, digital filter, bidirectional serial port (compatible 
with many industry standard protocols), clock oscillator, and 
an on chip controller. 

The signal and reference inputs are fully differential for maxi- 
mum flexibility and performance. Normally V R hi and V RL0 are 
tied to +2.5V and AGND respectively. This allows for input 
ranges of 2.5V and 5V when operating in the unipolar and 
bipolar modes respectively (assuming the PGIA is configured 
for a gain of 1). The internal PGIA provides input gains from 1 
to 128 and eliminates the need for external pre-amplifiers. 
This means the device will convert signals ranging from 0V to 
+20mV and 0V to +2.5V when operating in the unipolar mode 
or signals in the range of ±20mV to ±2.5V when operating in 
the bipolar mode. 

The input signal is continuously sampled at the input to the 
HI7190 at a clock rate set by the oscillator frequency and the 
selected gain. This signal then passes through the sigma 
delta modulator (which includes the PGIA) and emerges as a 
pulse train whose code density contains the analog signal 
information. The output of the modulator is fed into the sine 3 
digital low pass filter. The filter output passes into the calibra- 
tion block where offset and gain errors are removed. The cali- 
brated data is then coded (2’s complement, offset binary or 
binary) before being stored in the Data Output Register. The 
Data Output Register update rate is determined by the first 
notch frequency of the digital filter. This first notch frequency 
is programmed into HI7190 via the Control Register and has a 
range of 9.54Hz to 1.953kHz which corresponds to -3dB fre- 
quencies of 2.58Hz and 512Hz respectively. 

Output data coding on the HI7190 is programmable via the 
Control Register. When operating in bipolar mode, data output 
can be either 2’s complement or offset binary. In unipolar 
mode output is binary. 

The DRDY signal is used to alert the user that new output data 
is available. Converted data is read via the HI7190 serial I/O 
port which is compatible with most synchronous transfer for- 
mats including both the Motorola 6805/11 series SPI and Intel 
8051 series SSR protocols. Data Integrity is always main- 
tained at the H 171 90 output port. This means that if a data read 
of conversion N is begun but not finished before the next con- 
version (conversion N+1) is complete, the DRDY line remains 
active (low) and the data being read is not overwritten. 
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The HI7190 provides many calibration modes that can be initi- 
ated at any time by writing to the Control Register. The device 
can perform system calibration where external components 
are included with the H 171 90 in the calibration loop or self -cal- 
ibration where only the HI7190 itself is in the calibration loop. 
The On-chip Calibration Registers are read/write registers 
which allow the user to read calibration coefficients as well as 
write previously determined calibration coefficients. 

Circuit Operation 

The analog and digital supplies and grounds are separate on 
the HI7190 to minimize digital noise coupling into the analog 
circuitry. Nominal supply voltages are AV DD = +5V, DV dd = 
+5V, and AV SS = -5V. If the same supply is used for AV DD and 
DV dd it is imperative that the supply is separately decoupled 
to the AV dd and DV dd pins on the HI7190. Separate analog 
and digital ground planes should be maintained on the system 
board and the grounds should be tied together back at the 
power supply. 

Wh en the H 17 190 is powered up it needs to be reset by pulling 
the RESET line low. The reset sets the internal registers of the 
HI7190 as shown in Table 2 and puts the part in the bipolar 
mode with a gain of 1 and offset binary coding. The filter notch 
of the digital filter is set at 30Hz while the I/O is set up for bidi- 
rectional I/O (data is read and written on the SDIO line and 
SDO is three-stated), descending byte order, and MSB first 
data format. A self calibra tion is performed before the device 
begins converting. DRDY goes low when valid data is avail- 
able at the output. 

TABLE 2. REGISTER RESET VALUES 


Data Output Register 
Control Register 
Offset Calibration Register 


VALUE (HEX) 

XXXX (undefined) 


Self Calibration Value 


Positive Full Scale Calibration Self Calibration Value 
Register 

Negative Full Scale Calibration Self Calibration Value 
Register 

The configuration of the HI7190 is changed by writing new 
setup data to the Control Register. Whenever data is written 
to byte 2 and/or byte 1 of the Control Register the part 
assumes that a critical setup parameter is being changed 
which means that DRDY goes high and the device is re-syn- 
chronized. If the configuration is changed such that the device 
is in any one of the calibration modes, a new calibration is per- 
formed before normal conversions continue. If the device is 
written to the conversion mode, a new calibration is NOT per- 
formed (A new calibration is recommended any time d ata is 
written to the Control Register.). In either case, DRDY goes 
low when valid data is available at the output. 

If a single data byte is written to byte 0 of the Control Register, 
the device assumes the gain has NOT been changed. It is up 
to the user to re-calibrate the device if the gain is changed in 
this manner. For this reason it is recommended that the entire 


Control Register be written when changing the gain of the 
device. This ensures that t he part is re-calibrated (if in a cali- 
bration mode) before the DRDY output goes low indicating 
that valid data is available. 

The calibration registers can be read via the serial interface at 
any time. However, care must be taken when writing data to 
the calibration registers. If the H 171 90 is internally updating 
any calibration register the user can not write to that calibra- 
tion register. See the Operational Modes section for details on 
which calibration registers are updated for the various modes. 

Since access to the calibration registers is asynchronous to the 
conversion process the user is cautioned that new calibration 
data may not be used on the very next set of “valid” data after a 
calibration register write. It is guaranteed that the new data will 
take effect on the second set of output data. Non-calibrated 
data can be obtained from the device by writing 000000 (h) to 
the Offset Calibration Register, 800000 (h) to the Positive Full 
Scale Calibration Register, and 800000 (h) to the Negative Full 
Scale Calibration Register. This sets the offset correction factor 
to 0 and the positive and negative gain slope factors to 1 . 

If several HI7190S share a system master clock the SYNC pin 
can be used to synchronize their operation. A common SYNC 
input to multiple devices will synchronize operation such that 
all output registers are updated simultaneously. Of course the 
SYNC pin would normally be activated only after each HI7190 
has been calibrated or has had calibration coefficients written 
to it. 

The SYNC pin can also be used to control the H 171 90 when an 
external multiplexer is used with a single HI7190. The SYNC 
pin in this application can be used to guarantee a maximum 
settling time of 3 conversion periods when switching channels 
on the multiplexer. 

Analog Section Description 

Figure 6 shows a simplified block diagram of the analog modu- 
lator front end of a sigma delta A/D Converter. The input signal 
V (N comes into a summing junction (the PGIA in this case) 
where the previous modulator output is subtracted from it. The 
resulting signal is then integrated and the output of the integra- 
tor goes into the comparator. The output of the comparator is 
then fed back via a one bit DAC to the summing junction. The 
feedback loop forces the average of the fed back signal to be 
equal to the input signal V iN . 


PGIA INTEGRATOR COMPARATOR 



FIGURE 6. SIMPLE MODULATOR BLOCK DIAGRAM 
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Analog Inputs 

The analog input on the HI7190 is a fully differential input with 
programmable gain capabilities. The input accepts both uni- 
polar and bipolar input signals and gains range from 1 to 128. 
The common mode range of this input is from AV S s to AV DD 
provided that the absolute value of the analog input voltage 
lies within the power supplies. The input impedance of the 
HI7190 is dependent upon the modulator input sampling rate 
and the sampling rate varies with the selected PGIA gain. 
Table 3 below shows the sampling rates and input imped- 
ances for the different gain settings of the H 171 90. Note that 
this table is valid only for a 10MHz master clock. If the input 
clock frequency is changed then the input impedance will 
change accordingly. The equation used to calculate the input 
impedance is 

Z|N == 1/(C|N x f S ) 


where C in is the nominal input capacitance (8pF) and f s is the 
modulator sampling rate. 

TABLE 3. EFFECTIVE INPUT IMPEDANCE VS GAIN 


GAIN 

SAMPLING RATE 
(kHz) 

INPUT IMPEDANCE 

(MQ) 

1 

78.125 

1.6 

2 

156.25 

0.8 

4 

312.5 

0.4 

8,16,32,64,128 

625 

0.2 


Bipolar/Unipolar Input Ranges 


The input on the HI7190 can accept either unipolar or bipolar 
input voltages. Bipolar or unipolar options are chosen by pro- 
gramming the B/U bit of the Control Register. Programming 
the part for either unipolar or bipolar operation does not 
change the input signal conditioning. 

The inputs are differential, and as a result are referenced to the 
voltage on the V| NL0 * n P ut - F° r example, if V (NLO ' s +1 -25 V and 
the HI7190 is configured for unipolar operation with a gain of 1 
and a V REF of +2.5 V, the input voltage range on the V| NL0 
input is +1 25V to +3.75V. If V )NL0 is +1 .25V and the HI7190 is 
configured for bipolar mode with gain of 1 and a V REF of +2.5 V, 
the analog input range on the V )NH | input is -1 .25V to +3.75V. 

Programmable Gain Instrumentation Amplifier 

The Programmable Gain Instrumentation Amplifier allows the 
user to directly interface low level sensors and bridges directly 
to the HI7190. The PGIA has 4 selectable gain options of 1 , 2, 
4, 8 which are implemented by multiple sampling of the input 
signal. Input signals can be gained up further to 1 6, 32, 64 or 
128. These higher gains are implemented in the digital section 
of the design to maintain a high signal to noise ratio through 
the front end amplifiers. The gain is digitally programmable in 
the Control Register via the serial interface. For optimum 
PGIA performance the V CM pin should be tied to the mid point 
of the analog supplies. 


Differential Reference input 

The reference inputs of the of the HI7190,V RH) and V RL o pro- 
vide a differential reference input capability. The nominal dif- 
ferential voltage (V REF = V RHi - V RL0 ) is +2.5V and the 
common mode voltage cab be anywhere between AV SS and 
AV dd . Larger values of V REF can be used without degradation 
in performance with the maximum reference voltage being 
V REF = +5V. Smaller values of V REF can also be used but per- 
formance will be degraded since the LSB size is reduced. 

The full scale range of the HI7190 is defined as 
FSRbipolar = 2 x V ref /GAIN 

FSR UN |polar = V ref /GAIN 

and V RH | must always be greater than V RL0 for proper opera- 
tion of the device. 

The reference inputs provide a high impedance dynamic load 
similar to the analog inputs and the effective input impedance 
for the reference inputs can be calculated in the same manner 
as it is for the analog input impedance. The only difference in 
the calculation is that C iN for the reference inputs is 10.67pF. 
Therefor, the input impedance range for the reference inputs 
is from 1 49k£2 in a gain of 8 or higher mode to 833kQ in the 
gain of 1 mode. 

V CM input 

The voltage at the V CM input is the voltage that the internal 
analog circuitry is referenced to and should always be tied to 
the midpoint of the AV DD and AV S s supplies. This point pro- 
vides a common mode input voltage for the internal opera- 
tional amplifiers and must be driven from a low noise, low 
impedance source if it is not tied to analog ground. Failure to 
do so will result in degraded HI7190 performance. It is recom- 
mended that V CM be tied to analog ground when operating off 
of AV dd = +5V and AVss = -5V supplies. 

V CM also determines the headroom at the upper and lower 
ends of the power supplies which is limited by the common 
mode input range where the internal operational amplifiers 
remain in the linear, high gain region of operation. The HI7190 
is designed to have a range of AV SS +1 .8V < V CM < AV DD - 
1 .8V. Exceeding this range on the V CM pin will compromise 
the device performance. 

Transducer Burn-Out Current Source 

The V| NH | input of the HI7190 contains a 500nA (typical) cur- 
rent source which can be turned on/off via the Control Regis- 
ter. This current source can be used in checking whether a 
transducer has burnt-out or become open before attempting 
to take measurements on that channel. When the current 
source is turned on an additional offset will be created indicat- 
ing the presence of a transducer. The current source is con- 
trolled by the BO bit (Bit 4) in the Control Register and is 
disabled on power up. See Figure 7 for an applications circuit. 
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FIGURE 7. BURN-OUT CURRENT SOURCE CIRCUIT 



Low Pass Decimation Filter 

The digital low pass filter is a Hogenauer (sine 3 ) decimating fil- 
ter. This filter was chosen because it is a cost effective low 
pass decimating filter that minimizes the need for internal mul- 
tipliers and extensive storage and is most effective when used 
with high sampling or oversampling rates. Figure 9 shows the 
frequency characteristics of the filter where fc is the -3dB fre- 
quency of the input signal and f N is the programmed notch fre- 
quency. The analog modulator sends a one bit data stream to 
the filter at a rate of that is determined by: 

f MODULATOR = fosc/ 128 

f modulator = 78. 1 25 kHz for fosc = 1 0MHz. 

The filter then converts the serial modulator data into 40-bit 
words for processing by the Hogenauer filter. The data is dec- 
imated in the filter at a rate determined by the CODE word 
FP10-FP0 (programed by the user into the Control Register) 
and the external clock rate. The equation is: 


Digital Section Description 

A block diagram of the digital section of the HI7190 is shown 
in Figure 8. This section includes a low pass decimation filter, 
conversion controller, calibration logic, serial interface, and 
clock generator. 



SYNC RESET 


FIGURE 8. DIGITAL SECTION BLOCK DIAGRAM 
Digital Filtering 

One advantage of digital filtering is that it occurs after the con- 
version process and can remove noise introduced during the 
conversion. It can not, however, remove noise present on the 
analog signal prior to the ADC (which an analog filter can). 

One problem with the modulator/digital filter combination is 
that excursions outside the full scale range of the device could 
cause the modulator and digital filter to saturate. This device 
has headroom built in to the modulator and digital filter which 
tolerates signal deviations up to 33% outside of the full scale 
range of the device. If noise spikes can drive the input signal 
outside of this extended range it is recommended that an 
input analog filter is used or the overall input signal level is 
reduced. 


f NOTCH = fosc/(512 x CODE). 

The Control Register has 11 bits that select the filter cut off 
frequency and the first notch of the filter. The output data 
update rate is equal to the notch frequency. The notch fre- 
quency sets the Nyquist sampling rate of the device while the 
-3dB point of the filter determines the frequency spectrum of 
interest (f s ). The FP bits have a usable range of 10 through 
2047 where 10 yields a 1.953kHz Nyquist rate. 

The Hogenauer filter contains alias components that reflect 
around the notch frequency. If the spectrum of the frequency 
of interest reaches the alias component, the data has been 
aliased and therefore undersampled. 

Filter Characteristics 

The FP10 to FPO bits programmed into the Control Register 
determine the cutoff (or notch) frequency of the digital filter. 
The maximum and minimum cutoff frequencies of the filter are 
1 .953kHz and 9.54Hz respectively when operating at a clock 
frequency of 10MHz. If a 1MHz clock is used then the maxi- 
mum and minimum cutoff frequencies become 0.1953kHz and 
0.954Hz respectively. A plot of the (sinx/x) 3 digital filter charac- 
teristics is shown in Figure 9. This filter provides greater than 
120dB of 50Hz or 60Hz rejection. Changing the clock fre- 
quency or the programming of the FP bits does not change the 
shape of the filter characteristics, it merely shifts the notch fre- 
quency. This low pass digital filter at the output of the converter 
has an accompanying settling time for step inputs just as a low 
pass analog filter does. New data takes between 3 and 4 con- 
version periods to settle and update on the serial port with a 
conversion period T C0NV being equal to 1/f N . 
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FIGURE 9. LOW PASS FILTER FREQUENCY CHARACTERISTICS 
Input Filtering 



FIGURE 10A. 



FIGURE 10B. 


FIGURE 10. OSCILLATOR CONFIGURATIONS 


The digital filter does not provide rejection at integer multiples 
of the modulator sampling frequency. This implies that there 
are frequency bands where noise passes to the output with- 
out attenuation. For most cases this is not a problem because 
the high oversampling rate and noise shaping characteristics 
of the modulator cause this noise to become a small portion of 
the broadband noise which is filtered. However, if an anti-alias 
filter is necessary a single pole RC filter is usually sufficient. 

If an input filter is used the user must be careful that the source 
impedance of the filter is low enough not to cause gain errors in 
the system. The DC input impedance at the inputs is > 1GQ but 
it is a dynamic load that changes with clock frequency and 
selected gain. The input sample rate, also dependent upon 
clock frequency and gain, determines the allotted time for the 
input capacitor to charge. The addition of external components 
may cause the charge time of the capacitor to increase beyond 
the allotted time. The result of the input not settling to the proper 
value is a system gain error which can be eliminated by system 
calibration of the HI7190. 

Clocking/Oscillators 

The master clock into the HI7190 can be supplied by either a 
crystal connected between the OSC-| and OSC 2 pins as 
shown in Figure 10A or a CMOS compatible clock signal con- 
nected to the OSC-i pin as shown in Figure 10B. The input 
sampling frequency, modulator sampling frequency, filter -3dB 
frequency, output update rate, and calibration time are all 
directly related to the master clock frequency, f 0 sc- For exam- 
ple, if a 1 MHz clock is used instead of a 10MHz clock, what is 
normally a 10Hz conversion rate becomes a 1Hz conversion 
rate. Lowering the clock frequency will also lower the amount 
of current drawn from the power supplies. Please note that 
the HI7190 specifications are written for a 10MHz clock only. 


Operational Modes 

The H 17 190 contains several operational modes including cal- 
ibration modes for cancelling offset and gain errors of both 
internal and external circuitry. A calibration routine should be 
initiated whenever there is a change in the ambient operating 
temperature or supply voltage. Calibration should also be initi- 
ated if there is a change in the gain, filter notch, bipolar, or uni- 
polar input range. Non-calibrated data can be obtained from 
the device by writing 000000 to the Offset Calibration Regis- 
ter, 800000 (h) to the Positive Full Scale Calibration Register, 
and 800000 (h) to the Negative Full Scale Calibration Regis- 
ter. This sets the offset correction factor to 0 and both the pos- 
itive and negative gain slope factors to 1 . 

The H 17 190 offers several different modes of Self-Calibration 
and System Calibration. For calibration to occur, the on-chip 
microcontroller must convert the modulator output for three 
different input conditions - “zero-scale,” “positive full-scale,” 
and “negative full-scale”. With these readings, the H 171 90 can 
null any offset errors and calculate the gain slope factor for the 
transfer function of the converter. It is imperative that the zero- 
scale calibration be performed before either of the gain cali- 
brations. However, the order of the gain calibrations is not 
important. 

The calibration modes are user selectable in the Control Reg- 
ister by using the MD bits (MD2-MD0) as shown in Table 3. 
DRDY will go low indicating that the calibration is complete 
and there is valid data at the output. 





HI7190 


TABLE 4. HI7190 OPERATIONAL MODES 


MD2 MD1 MDO 


OPERATIONAL MODE 


0 Conversion 

1 Self Calibration 

0 System Offset Calibration 

1 System Positive Full Scale Calibration 

0 System Negative Full Scale Calibration 

1 System Offset/Internal Gain Calibration 

0 System Gain Calibration 


Conversion Mode 

For Conversion Mode operation the H 17 190 converts the dif- 
ferential voltage between V| NH) and V )NL0 . From switching 
into th is mode it takes 3 conversion periods (3 x 1/f N ) for 
DRDY to go low and new data to be valid. No calibration coef- 
ficients are generated when operating in Conversion Mode as 
data is calibrated using the existing calibration coefficients. 

Self Calibration Mode 

The Self Calibration Mode is a three step process that 
updates the Offset Calibration Register, the Positive Full 
Scale Calibration Register, and the Negative Full Scale Cali- 
bration Register. In this mode an internal offset calibration is 
done by disconnecting the external inputs and shorting the 
inputs of the PGIA together. After 3 conversion periods the 
Offset Calibration Register is updated with the value that cor- 
rects any internal offset errors. 

After the offset calibration is completed the Positive and Neg- 
ative Full Scale Calibration Registers are updated. The inputs 
V !NH | and V| NL0 are disconnected and the external reference 
is applied across the modulator inputs. The HI7190 then takes 
3 conversion cycles to sample the data and update the Posi- 
tive Full Scale Calibration Register. Next the polarity of the ref- 
erence voltage across the modulator input terminals is 
reversed and after 3 conversion cycles the Negative Full Cali- 
bration Register is updated. The values stored in the Positive 
and Negative Full Scale Calibration Registers correct for any 
internal gain errors in t he A/D transfer function. After 3 more 
conversion cycles the DRDY line will activate signaling that 
the calibration is complete and valid data is present in the 
Data Output Register. 

Please note, self calibration is only valid when operating in a 
gain of one. 

System Offset Calibration Mode 

The System Offset Calibration Mode is a single step process 
that allows the user to lump offset errors of external circuitry 
and the internal errors of the HI7190 together and null them 
out. This mode will convert the external differential signal 
applied to the V )N inputs and then store that value in the Offset 
Calibration Register. The user must apply the zero point or off- 
set voltage to the H 17 190 analog inputs and allow the signal to 
sett le befo re selecting this mode. After 4 conversion periods 
the DRDY line will activate signaling that the calibration is 
complete and valid data is present in the Data Output Register. 


System Positive Full Scale Calibration Mode 

The System Positive Full Scale Calibration Mode is a single 
step process that allows the user to lump gain errors of exter- 
nal circuitry and the internal errors of the HI7190 together and 
null them out. This mode will convert the external differential 
signal applied to the V )N inputs and stores the converted value 
in the Positive Full Scale Calibration Register. The user must 
apply the +Full Scale voltage to the H 171 90 analog inputs and 
allow the signal to settl e befo re selecting this mode. After 4 
conversion periods the DRDY line will activate signaling the 
calibration is complete and valid data is present in the Data 
Output Register. 

System Negative Full Scale Calibration Mode 

The System Negative Full Scale Calibration Mode is a single 
step process that allows the user to lump gain errors of exter- 
nal circuitry and the internal errors of the HI7190 together and 
null them out. This mode will convert the external differential 
signal applied to the V )N inputs and stores the converted value 
in the Negative Full Scale Calibration Register. The user must 
apply the -Full Scale voltage to the HI 71 90 analog inputs and 
allow the signal to settl e befor e selecting this mode. After 4 
conversion periods the DRDY line will activate signaling the 
calibration is complete and valid data is present in the Data 
Output Register. 

System Offset/Internal Gain Calibration Mode 

The System Offset/Internal Gain Calibration Mode is a single 
step process that updates the Offset Calibration Register, the 
Positive Full Scale Calibration Register, and the Negative Full 
Scale Calibration Register. First the external differential signal 
applied to the V )N inputs is converted and that value is stored 
in the Offset Calibration Register. The user must apply the 
zero point or offset voltage to the H 171 90 analog inputs and 
allow the signal to settle before selecting this mode. 

After this is completed the Positive and Negative Full Scale 
Calibration Registers are updated. The inputs V (NH | and Vj NL0 
are disconnected and the external reference is switched in. 
The H 171 90 then takes 3 conversion cycles to sample the 
data and update the Positive Full Scale Calibration Register. 
Next the polarity of the reference voltage across the V| NH) and 
V|nlo terminals is reversed and after 3 conversion cycles the 
Negative Full Calibration Register is updated. The values 
stored in the Positive and Negative Full Scale Calibration 
Registers correct for any internal gain errors in the A/D tr ans- 
fer function. After 3 more conversion cycles, the DRDY line 
will activate signaling that the calibration is complete and valid 
data is present in the Data Output Register. 

System Gain Calibration Mode 

The Gain Calibration Mode is a single step process that 
updates the Positive and Negative Full Scale Calibration Reg- 
isters. This mode will convert the external differential signal 
applied to the V iN inputs and then store that value in the Neg- 
ative Full Scale Calibration Register. Then the polarity of the 
input is reversed internally and another conversion is per- 
formed. This conversion result is written to the Positive Full 
Scale Calibration Register. The user must apply the -hFull 
Scale voltage to the HI 71 90 analog inputs and allow the sig- 
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nal to settle befor e select ing this mode. After 1 more conver- 
sion period the DRDY line will activate signaling the 
calibration is complete and valid data is present in the data 
output register. 

Reserved 

This mode is not used in the H 171 90 and should not be 
selected. There is no internal detection logic to keep this con- 
dition from being selected and care should be taken not to 
assert this bit combination. 

Offset and Span Limits 

There are limits to the amount of offset and gain which can be 
adjusted out for the HI7190. For both bipolar and unipolar 
modes the minimum and maximum input spans are 0.2 x 
V REF / GAIN and 1 .2 x V REF / GAIN respectively. 

In the unipolar mode the offset plus the span cannot exceed 
the 1.2 x V REF / GAIN limit. So, if the span is at its minimum 
value of 0.2 x V REF / GAIN, the offset must be less than 1 x 
V REF / GAIN. In bipolar mode the span is equidistant around 
the voltage used for the zero scale point. For tis mode the off- 
set plus half the span cannot exceed 1 .2 x V REF / GAIN. If the 
span is at ±0.2 x V REF / GAIN, then the offset can not be 
greater than ±2 x V REF / GAIN. 

Serial Interface 

The H 171 90 has a flexible, synchronous serial communication 
port to allow easy interfacing to many industry standard micro- 
controllers and microprocessors. The serial I/O is compatible 
with most synchronous transfer formats, including both the 
Motorola 6805/11 SPI and Intel 8051 SSR protocols.The 
Serial Interface is a flexible 2 or 3-wire hardware interface 
where the HI7190 can be configured to read and write on a 
single bidirectional line (SDIO) or configured for writing on 
SDIO and reading on the SDO line. 

The interface is byte organized with each register byte having 
a specific address and single or multiple byte transfers are 
supported. In addition, the interface allows flexibility as to the 
byte and bit access order. That is, the user can specify MSB/ 
LSB first bit positioning and can access bytes in ascending/ 
descending order from any byte position. 

The serial interface allows the user to communicate with 5 
registers that control the operation of the device. 

Data Output Register - a 24-bit read only register containing 
the conversion results. 

Control Register - a 24-bit read/write register containing the 
setup and operating modes of the device. 

Offset Calibration Register - a 24-bit read/write register 
used for calibrating the zero point of the converter or system. 

Positive Full Scale Calibration Register - a 24-bit read / 
write register used for calibrating the Positive Full Scale point 
of the converter or system. 

Negative Full Scale Calibration Register - a 24-bit read/ 
write register used for calibrating the Negative Full Scale point 
of the converter or system. 


Two clock modes are supported. The HI71 90 can accept the 
serial interface clock (SCLK) as an input from the system or 
generate the SCLK signal as an output. If the MODE pin is 
logic low the HI7190 is in external clocking mode and the 
SCLK pin is configured as an input. In this mode the user sup- 
plies the serial interface clock and all interface timing specifi- 
cations are synchronous to this input. If the MODE pin is logic 
high the HI7190 is in self-clocking mode and the SCLK pin is 
configured as an output. In self-clocking mode, SCLK runs at 
F S clk = OSCj/8 and stalls high at byte boundaries. SCLK 
does NOT have the capability to stall low in this mode. All 
interface timing specifications are synchronous to the SCLK 
output. 

Normal operation in self-clocking mode is as follows (See Fig- 
ure 12): CS is sampled low on falling OSC-, edges. The first 
SCLK transition output is delayed 29 OSC-| cycles from the 
next rising OSC-| . SCLK transitions eight times and then stalls 
high for 28 OSCi cycles. After this stall period is completed 
SCLK will again transition eight times _and stall high. This 
sequence will repeat continuously while CS is active. 

The extra OSCi cycle required when coming out of the CS 
inactive state is a one clock cycle latency required to properly 
sample the CS input. Note that the normal stall at byte bound- 
aries is 28 OSC 1 cycles thus giving a SCLK rising to rising 
edge stall period of 32 OSC 1 cycles. 

The affects of CS on the I/O are different for self-clocking 
mode (MODE = 1) than for external mode (MODE = 0). For 
external clocking mode CS inactive disables the I/O state 
machine, effectively freezing the state of the I/O cycle. That is, 
an I/O cycle can be interrupted using chip select and the 
HT7190 will continue with that I/O cycle when re-enabled via 
CS. SCLK can continue toggling while CS is inactive. If CS 
goes inactive during an I/O cycle, it is up to the user to en sure 
that the state of SCLK is identical when reactivating CS as to 
what it was when CS went inactive. For read operations in 
external clocking mode, the output will go three-state immedi- 
ately upon deactivation of CS. 

For self-clocking mode (MODE = 1), the affects of CS are dif- 
ferent. If CS transitions high (inactive) during the period when 
data is being transferred (any non stall time) the HI7190 will 
complete the data transfer to the byte boundary. That is, once 
SCLK begins the eight transition sequence, it will always com- 
plete the eight cycles. If CS remains inactive after the byte 
has been transferred it will be sampled and SCLK will remain 
stalled high indefinitely. If CS has returned to active low before 
the data byte transfer period is completed the HI7190 acts as 
if CS was active during the entire transfer period. 

It is important to realize that the user can interrupt a data 
transfer on byte boundaries. That_is, if the Instruction Register 
calls for a 3 byte transfer and CS is inactive after only one 
byte has been transferred, the HI71 90, when reactivated, will 
continue with the remaining two bytes before looking for the 
next Instruction Register write cycle. 

Not e that the outputs will NOT go three-state immediately upon 
CS inactive^ for read operations in self-clocking mode. In the 
case of CS going inactive during a read cycle the outputs 
remain driving until after the last data bit is transferred. In the 
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case of CS inactive during the clock stall time it takes 1 OSC ^ 
cycle plus prop delay (maximum) for the outputs to be disabled. 

I/O Port Pin Descriptions 

The serial I/O port is a bidirectional port which is used to 
read the data register and read or write the control register 
and calibration registers. The port contains two data lines, a 
synchronous clock, and a status flag. Figure 11 shows a dia- 
gram of the serial interface lines. 


DATA OUT 
BIDIRECTIONAL DATA 
PORT CLOCK 
CHIP SELECT - 
DEVICE STATUS 
CLOCK MODE ■ 


SCLK 

CS Hl7190 


FIGURE 11. HI7190 SERIAL INTERFACE 

SDO - Serial Data out. Data is read from this line using those 
protocols with separate lines for transmitting and receiving 
data. An example of such a standard is the Motorola Serial 
Peripheral Interface (SPI) using the 68HC05 and 68HC11 
family of micro-controllers, or other similar processors. In the 
case of using bidirectional data transfer on SDIO, SDO does 
not output data and is set in a high impedance state. 

SDIO - Serial Data in or out. Data is always written to the 
device on this line. However, this line can be used as a bidi- 
rectional data line. This is done by properly setting up the 
Control Register. Bidirectional data transfer on this line can be 
used with Intel standard serial interfaces (SSR, Mode 0) in 
MCS51 and MCS96 family of microcontrollers, or other similar 
processors. 

SCLK - Serial clock. The serial clock pin is used to synchro- 
nize data to and from the HI7190 and to run the port state 
machines. In Synchronous External Clock Mode, SCLK is 
configured as an input, is supplied by the user, and can run up 
to a 5MHz rate. In Synchronous Self Clocking Mode, SCLK is 
configured as an output and runs at OSC^. 

CS - Chip select. This signal is an active low input that allows 
more than one device on the same serial communication lines. 
The SDO and SDIO will go to a high impedance state when this 
signal is high. If driven high during any communication cycle, 
that cycle will be suspended until CS reactivation. Chip select 
can be tied low in systems that maintain control of SCLK. 

DRDY - Data Ready. This is an output status flag from the 
device to signal that the Data Outpu t Regi ster has been 
updated with the new conversion result. DRDY is useful as an 
edge or level s ensitive interrupt signal to a microprocessor or 
microcontroller. DRDY low in dicates that new data is available 
at the Data Output Register. DRDY will return high upon com- 
pletion of a complete Data Output Register read cycle. 


MODE - Mode. This input is used to select between Synchro- 
nous Self Clocking Mode (‘1’) or the Synchronous External 
Clocking Mode (‘0’). When this pin is tied to V DD the serial port 
is configured in the Synchronous Self Clocking mode where 
the synchronous shift clock (SCLK) for the serial port is gener- 
ated by the HI7190 and has a frequency of OSC^S. When the 
pin is tied to DGND the serial port is configured for the Syn- 
chronous External Clocking Mode where the synchronous 
shift clock for the serial port is generated by an external 
device up to a maximum frequency of 5MHz. 

Programming the Serial Interface 

It is useful to think of the HI7190 interface in terms of commu- 
nication cycles. Each communication cycle happens in 2 
phases. The first phase of every communication cycle is the 
writing of an instruction byte. The second phase is the data 
transfer as described by the instruction byte. It is important to 
note that phase 2 of the communication cycle can be a single 
byte or a multi-byte transfer of data. For example, the 3 byte 
Data Output Register can be read using one multi-byte com- 
munication cycle rather than three single byte communication 
cycles. It is up to the user to maintain synchronism with 
respect to data transfers. If the system processor “gets lost” 
the only way to recover is to reset the HI7190. Figure 13 
shows both a 2-wire and a 3-wire data transfer. 

Several formats are available for reading from and writing to 
the HI7190 registers in both the 2-wire and 3-wire protocols. A 
portio n of these formats is controlled by the CR<2:1> (BD and 
MSB) bits which control the byte direction and bit order of a 
data transfer respectively. These two bits can be written in any 
combination but only the two most useful will be discussed 
here. 

The first comb ination is to reset both the BD and MSB bits 
(BD = 0, MSB = 0). This sets up the interface for descending 
byte order and MSB first format. When this combination is 
used the user should always write the Instruction Register 
such that the starting byte is the most significant byte address. 
For example, read three bytes of DR starting with the most 
significant byte. The first byte read will be the most significant 
in MSB to LSB format. The next byte will be the next least sig- 
nificant (recall descending byte order) again in MSB to LSB 
order. The last byte will be the next lesser significant byte in 
MSB to LSB order. The entire word was read MSB to LSB for - 
mat. 

The second combination is to set both the BD and MSB bits to 
1 . This sets up the interface for ascending byte order and LSB 
first format. When this combination is used the user should 
always write the Instruction Register such that the starting 
byte is the least significant byte address. For example, read 
three bytes of DR starting with the least significant byte. The 
first byte read will be the least significant in LSB to MSB for- 
mat. The next byte will be the next greater significant (recall 
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FIGURE 12. SCLK OUTPUT IN SELF CLOCKING MODE 
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ascending byte order) again in LSB to MSB order. The last 
byte will be the next greater significant byte in LSB to MSB 
order. The entire word was read MSB to LSB format 


After completion of each communication cycle, The HI7190 
interface enters a standby mode while waiting to receive a 
new instruction byte. 


cs 


SDIO 


INSTRUCTION 

BYTE 


INSTRUCTION 


DATA DATA DATA 
BYTE 1 BYTE 2 BYTE 3 


DATA TRANSFER 


^ CYCLE ^ 


FIGURE 13 A. 2-WIRE, 3 BYTE READ OR WRITE TRANSFER 



SDO 


•- * DATA TRANSFER 

FIGURE 13B. 3-WIRE, 3 BYTE READ TRANSFER 


Instruction Byte Phase 


The instruction byte phase initiates a data transfer sequence. 
The processor writes an 8-bit byte (Instruction Byte) to the 
Instruction Register. The instruction byte informs the HI7190 
about the Data transfer phase activities and includes the fol- 
lowing information: 

- Read or Write cycle 

- Number of Bytes to be transferred 

- Which register and starting byte to be accessed 


Data Transfer Phase 


In the data transfer phase, data transfer takes place as set by 
the Instruction Register contents. See Write Operation and 
Read Operation sections for detailed descriptions. 


Instruction Register 


The Instruction Register is an 8-bit register which is used 
during a communications cycle for setting up read/write 
operations. 

INSTRUCTION REGISTER 


MSB 


6 


1 


LSB 


R/W MB1 MBO FSC 


A3 


A2 


A1 


AO 


R/W - Bit 7 of the Instruction Register determines whether a 
read or write operation will be done following the instruction 
byte load. 0 = READ, 1 = WRITE. 


MB1, MBO - Bits 6 and 5 of the Instruction Register determine 
the number of bytes that will be accessed following the 
instruction byte load. See Table 4 for the number of bytes to 
transfer in the transfer cycle. 


TABLE 5. MULTIPLE BYTE ACCESS BITS 


MB1 

MBO 

DESCRIPTION 

0 

0 

Transfer 1 Byte 

0 

1 

Transfer 2 Bytes 

1 

0 

Transfer 3 Bytes 

1 

1 

Transfer 4 Bytes 


FSC - Bit 4 is used to determine whether a Positive Full Scale 
Calibration Register I/O transfer (FSC = 0) or a Negative Full 
Scale Calibration Register I/O transfer (FSC = 1 ) is being per- 
formed (see Table 5). 

A3, A2, A1 , AO - Bits 3 and 2 (A3 and A2) of the Instruction 
Register determine which internal register will be accessed 
while bits 1 and 0 (A1 and AO) determine which byte of that 
register will be accessed first. See Table 5 for the address 
decode. 


TABLE 6. INTERNAL DATA ACCESS DECODE STARTING BYTE 


FSC 

A3 

A2 

A1 

AO 

DESCRPTION 

X 

~ 

"o" 

"o" 

~ 

Data Output Register Byte 0 

X 

0 

0 

0 

1 

Data Output Register Byte 1 

X 

0 

0 

1 

0 

Data Output Register Byte 2 

X 

0 

1 

0 

0 

Control Register Byte 0 

X 

0 

1 

0 

1 

Control Register Byte 1 

X 

0 

1 

1 

0 

Control Register Byte 2 

X 

1 

0 

0 

0 

Offset Cal Register Byte 0 

X 

1 

0 

0 

1 

Offset Cal Register Byte 1 

X 

1 

0 

1 

0 

Offset Cal Register Byte 2 

0 

1 

1 

0 

0 

Positive Full Scale Cal Register Byte 0 

0 

1 

1 

0 

1 

Positive Full Scale Cal Register Byte 1 

0 

1 

1 

1 

0 

Positive Full Scale Cal Register Byte 2 

1 

1 

1 

0 

0 

Negative Full Scale Cal Register Byte 0 

1 

1 

1 

0 

1 

Negative Full Scale Cal Register Byte 1 

1 

1 

1 

1 

0 

Negative Full Scale Cal Register Byte 2 


Write Operation 


Data can be written to the Control Register, Offset Calibration 
Register, Positive Full Scale Calibration Register, and the 
Negative Full Scale Calibration Register. Write operations are 
done using the SDIO, CS and SCLK lines only, as all data is 
written into the HI7190 via the SDIO line even when using the 
3-wire configuration. Figures 14 and 15 show typical write tim- 
ing diagrams. 

The communication cycle is started by asserting the CS line 
low and starting the clock from its idle state. To assert a write 
cycle, during the instruction phase of the communication 
cycle, the Instruction Byte should be set to a write transfer (R/ 
W = 1). 
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When writing to the serial port, data is latched into the H 17 190 
on the rising edge of SCLK. Data can then be changed on the 
falling edge of SCLK. Data can also be changed on the rising 
edge of SCLK due to the 0 ns hold time required on the data. 
This is useful in pipelined applications where the data is 
latched on the rising edge of the clock. 

Read Operation - 3-Wire Transfer 

Data can be read from the Data Output Register, Control Reg- 
ister, Offset Calibration Register, Positive Full Scale Calibra- 
tion Register, and the Negative Full Scale Calibration 
Register. When configured in 3-wire transfer mode, read oper- 
ations are done using the SDIO, SDO, CS and SCLK lines. All 
data is read via the SDO line. Figures 1 6 and 1 7 show typical 
3-wire read timing diagrams. 

The communication cycle is started by asserting the CS line 
and starting the clock from it’s idle state. To assert a read 
cycle, during the instruction phase of the communication 
cycle, the Instruction Byte should be set to a read transfer (R/ 
W = 0). 

When reading the serial port, data is driven out of the H 171 90 
on the falling edge of SCLK. Data can be registered externally 
on the next rising edge of SCLK. 

Read Operation - 2- Wire Transfer 

Data can be read from the Data Output Register, Control Reg- 
ister, Offset Calibration Register, Positive Full Scale Calibra- 
tion Register, and the Negative Full Scale Calibration 
Register. When configured in two wire transfer mode, read 
operations are done using the SDIO, CS and SCLK lines. All 
data is read via the SDIO line. Figures 18 and 19 show typical 
2-wire read timing diagrams. 

The communication cycle is started by asserting the CS line 
and starting the clock from it’s idle state. To assert a read 
cycle, during the instruction phase of the communication 
cycle, the Instruction Byte should be set to a read transfer (R/ 
W = 0). 

When reading the serial port, data is driven out of the H 17 190 
on the falling edge of SCLK. Data can be registered externally 
on the next rising edge of SCLK. 

Detailed Register Descriptions 

Data Output Register 

The Data Output Register contains 24-bits of converted data. 
This register is a read only register. 


D23 D22 D21 D20 D19 D18 D17 D16 


15 14 13 12 11 

D15 I D14 I D13 I D12 I Dll 


Control Register 

The Control Register contains 24-bits to control the various 
sections of the HI7190. This register is a read/write 
register. 


DC FP10 FP9 FP8 FP7 FP6 FP5 


FP3 FP2 FP1 


FPO MD2 MD1 MDO B/U 


BD MSB SDL 


DC - Bit 23 is the Data Coding Bit used to select between 
two’s complementary and offset binary data coding. When this 
bit is set (DC = 1 ) the data in the Data Output Register will be 
two’s complement. When cleared (DC = 0) this data will be 
offset binary. When operating in the unipolar mode the output 
data is available in straig ht binary only (the DC bit is ignored). 
This bit is cleared after a RESET is applied to the part. 

FP10 through FPO - Bits 22 through 12 are the Filter pro- 
gramming bits that determine the frequency response of the 
digital filter. These bits determine the filter cutoff frequency, 
the position of the first notch and the data rate of the H 171 90. 
The first notch of the filter is equal to the decimation rate and 
can be determined by the formula: 

f NOTCH = fosc/(512 x CODE) 

where CODE is the decimal equivalent of the value in FP10 
through FPO. The values that can be programmed into these 
bits are 10 to 2047 decimal, which allows a conversion rate 
range of 9.54Hz to 1 .953kHz when using a 10MHz clock. 


IR WRITE PHASE 


DATA TRANSFER PHASE - TWO BYTE WRITE 
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FIGURE 14. DATA WRITE CYCLE, SCLK IDLE LOW 


4-127 


A/D 

CONVERTERS 






HI7190 


IR WRITE PHASE 


DATA TRANSFER PHASE - TWO BYTE WRITE 



IR WRITE PHASE 


DATA TRANSFER PHASE - TWO BYTE READ 


SDIO — < 10 X ” X 12 X » X 14 X 15 X 16 X 17 J 


CB0VB1VB2XB3XB4XB5XB6X B7 Xb8Xb9XbioXbhXbi2Xbi3Xbi4 


FIGURE 17. DATA READ CYCLE, 3-WIRE CONFIGURATION, SCLK IDLE HIGH 


IR WRITE PHASE 


DATA TRANSFER PHASE - TWO BYTE READ 
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FIGURE 18. DATA READ CYCLE, 2-WIRE CONFIGURATION, SCLK IDLE LOW 
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DATA TRANSFER PHASE - TWO BYTE READ 
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Changing the filter notch frequency, as well as the selected 
gain, impacts resolution. The output data rate (or effective 
conversion time) for the device is equal to the frequency 
selected for the first notch to the filter. For example, if the first 
notch of the filter is selected at 50Hz then a new word is avail- 
able at a 50Hz rate or every 20ms. If the first notch is at 1 kHz 
a new word is available every 1 ms. 

The settling-time of the converter to a full-scale step input 
change is between 3 and 4 times the data rate. For example, 
with the first filter notch at 50Hz, the worst case settling time to 
a full-scale step input change is 80ms. If the first notch is 1 kHz, 
the settling time to a full-scale input step is 4ms maximum. 

The -3dB frequency is determined by the programmed first 
notch frequency according to the relationship: 


MD2 through MDO - Bits 11 through 9 are the Operational 
Modes of the converter. See Ta ble 3 for the Operational 
Modes description. After a RESET is applied to the part these 
bits are set to the self calibration mode. 

B/U - Bit 8 is the Bipolar/Unipolar select bit. When this bit is 
set the HI7190 is configured for bipolar operation. When this 
bit is re set the part is in unipolar mode. This bit is set after a 
RESET is applied to the part. 

G2 through GO - Bits 7 through 5 select the gain of the input 
analog signal. The gain is accomplished through a program- 
mable gain instrumentation amplifier that gains up incoming 
signals from 1 to 8. This is achieved by using a switched 
capacitor voltage multiplier network preceding the modulator. 
The higher gains (i.e. 16 to 128) are achieved through a com- 
bination of a PGIA gain of 8 and a digital multiply after the dig- 
ital filter (see Table 6). The gain will affect noise and Signal to 
Noise Ratio of the conversion. The se bits are cleared to a 
gain of 1 (G2,G1,G0 = 000) after a RESET is applied to the 
part. 

TABLE 7. GAIN SELECT BITS 


G2 G1 GO GAIN 


GAIN ACHIEVED 


1 PGIA = 1, Filter Multiply = 1 

2 PGIA = 2, Filter Multiply = 1 

4 PGIA = 4, Filter Multiply = 1 

8 PGIA = 8, Filter Multiply = 1 

16 PGIA = 8, Filter Multiply = 2 

32 PGIA = 8, Filter Multiply = 4 

64 PGIA = 8, Filter Multiply = 8 

128 PGIA = 8, Filter Multiply = 16 


BO - Bit 4 is the Transducer Burn-Out Current source enable 
bit. When this bit is set (BO = 1) the burn-out current source 
connected to V| NHi internally is enabled. This current source 
can be used to detect the presence of an ex ternal connection 
to V| NH) . This bit is cleared after a RESET is applied to the 
part. 


SB - Bit 3 is the Standby Mode enable bit used to put the 
HI7190 in a lower power/standby mod e. Whe n this bit is set 
(SB = 1) the filter nodes are halted, the DRDY line is set high 
and the modulator clock is disabled. When this bit is cleared 
the HI7190 begins operation as described by the contents of 
the Control Register. For example, if the Control Register is 
programmed for Self Calibration Mode and a notch frequency 
to 10Hz, the H 171 90 will perform the self calibration before 
providin g the data at the 1 0Hz rate. This bit is cleared after a 
RESET is applied to the part. 

BD - Bit 2 is the Byte Direction bit used to select the multi-byte 
access ordering. The bit determines the either ascending or 
descending order access for the multi-byte registers. When 
set (BD = 1) the user can access multi-byte registers in 
ascending byte order and when cleared (BD = 0) the multi- 
byte registers are access ed in descending byte order. This bit 
is cleared after a RESET is applied to the part. 

MSB - Bit 1 is used to select whether a serial data transfer is 
MSB or LSB first. This bit allows the user to change the order 
that data can be tr ansm itted or received by the HI7190. When 
this bit is cleared (M SB = 0) the MSB is the first bit in a serial 
data transfer. If set (MSB = 1), the LSB is the first bit trans- 
ferred i n the serial data stream. This bit is cleared after a 
RESET is applied to the part. 

SDL - Bit 0 is the Serial Data Line control bit. This bit selects 
the transfer protocol of the serial interface. When this bit is 
cleared (SDL = 0), both read and write data transfers are done 
using the SDIO line. When set (SDL = 1 ), write transfers are 
done on the SDIO line and read transfers are done on the SDO 
line. This bit is cleared after a RESET is applied to the part. 

Reading the Data Output Register 

The HI7190 generates an active low interrupt (DRDY) indicat- 
ing valid conversion results are available for reading. At this 
time the Data Output Register contains the latest conversion 
result available from the HI7190. Data integrity is maintained 
at the serial output port but it is possible to miss a conversion 
result if the Data Output Register is not read within a given 
period of time. Maintaining data integrity means that if a Data 
Output Register read of conversion N is begun but not fin- 
ished bef ore the next conversion (conversion N+1) is com- 
plete, the DRDY line remains active low and the data being 
read is not overwritten. 

In addition to the Data Output Register, the HI7190 has a one 
conversion result storage buffer. No conversion results will be 
lost if the following constraints are met. 

1) A Data Output Register read cycle is started f or a gi ven 
conversion (conversion X) 1/f N - (128*1/f 0 sc) after DRDY ini- 
tially goes active low. Failure to start the read cycle may result 
in conversion X+1 data overwriting conversion X results. For 
example, with f 0 sc = 10MHz, f N = 2kHz, the read c ycle must 
start within 1/2000 - 1 28(1/1 0 6 ) = 487|is after DRDY went low. 

2) The Data Output Register read cycle for con version X must 
be completed within 2(1 /f N )-1 440(1 /f 0 sc) after DRDY initially 
goes active low. If the read cycle for conversion X is not com- 
plete within this time the results of conversion X+1 are lost 
and results from conversion X+2 are now stored in the data 
output word buffer. 


4-129 


A/D 

CONVERTERS 





HI7190 


Co mpleting the Data Output Register read cycle inactivates 
the DRDY interrupt. If the one word data output buffer is full 
when this read is complete this data will be im mediate ly trans- 
ferred to the Data Output Regis ter and a new DRDY interrupt 
will be issued after the minimum DRDY pulse high time is met. 

Writing the Control Register 

If d ata is w ritten to byte 2 and/or byte 1 of the Control Register 
the DRDY output is taken high and the device re-calibrates if 
written to a calibration mode. This action is taken because it is 
assumed that by writing byte 2 or byte 1 that the user either 
re-programmed the filter or changed modes of the part. How- 
ever, if a single data byte is written to byte 0, it is assumed 
that the gain has NOT been changed. It is up to the user to re- 
calibrate the HI7190 after the gain has been changed by this 
method. It is recommended that the entire Control Register be 
written to when changing the sele cted ga in. This ensures that 
the part is re-calibrated before the DRDY signal goes low indi- 
cating valid data is available. 

Offset Calibration Register 

The Offset Calibration Register is a 24-bit register containing 
the offset correction factor. This register is indeterminate on 
power- up but w ill contain a Self Calibration correction value 
after a RESET has been applied. 

BYTE 2 


MSB 

22 

21 

20 

19 

18 

17 

16 

| 023 

| 022 

1 021 

| 020 | 

1 019 

1 018 

1 017 

ph 




BYTE 1 




15 

14 

13 

12 

11 

10 

9 

8 

| 015 

1 014 

1 013 


1 011 1 

1 010 

09 

PH 




BYTEO 




7 

6 

5 

4 

3 

2 

1 

LSB 

KB 


(£21 

mm 


1 02 

KB 



The Offset Calibration Register holds the value that corrects 
the filter output data to all 0’s when the analog input is zero 
volts. 


Positive Full Scale Calibration Register 

The Positive Full Scale Calibration Register is a 24-bit regis- 
ter containing the Positive Full Scale correction coefficient. 
This coefficient is used to determine the positive gain slope 
factor. This register is indeterminate on power- up but will 
contain a Self Calibration correction coefficient after a 
RESET has been applied. 

BYTE 2 


MSB 

22 

21 

20 

19 

18 

17 

16 

| P23 | 

P22 | 

1 P21 1 

P20 | 

P19 1 

1 P18 1 

P17 

ph 




BYTE 1 




15 

14 

13 

12 

11 

10 

9 

8 

ph 

PI 4 | 

1 P13 1 

P12 1 

p H | 

1 P1 ° 1 

1 P9 

ph 




BYTEO 




7 

6 

5 

4 

3 

2 

1 

LSB 

nn 

P6 

1 P5 1 

| P4 | 

P3 

1 P2 1 

1 P1 

PH 


Negative Full Scale Calibration Register 

The Negative Full Scale Calibration Register is a 24-bit reg- 
ister containing the Negative Full Scale correction 
coefficient. This coefficient is used to determine the negative 
gain slope factor. This register is indeterminate on power- up 
b ut will co ntain a Self Calibration correction coefficient after 
a RESET has been applied. 
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Die Characteristics 

DIE DIMENSIONS: 

3550|im x 6340pm 

METALLIZATION: 

Type: Al Si Cu 
Thickness: Metal 2 16kA 
Metal 1 6kA 

GLASSI VATION : 

Type: Sandwich 
Thickness: Nitride 8kA 
USG IkA 

SUBSTRATE POTENTIAL (Powered Up): AV SS 

Metallization Mask Layout 
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SEMICONDUCTOR 


HI3050 


April 1995 


10-Bit, 50 MSPS High Speed 
3-Channel D/A Converter 


Features 

• 10-Bit Resolution 

• 50 MSPS Throughput Rate 

• 3-Channel, RGB, I/O 

• RS-343A/RS-1 70 Compatible Outputs 

• Low Power Consumption 500mW (Typ) 

• ±0.5 LSB Differential Linearity Error 

• Low Glitch Energy 

• CMOS Compatible Inputs 

Applications 

• NTSC, PAL, SECAM Displays 

• High Definition Television (HDTV) 

• Presentation and Broadcast Video 

• Image Processing 

• Graphics Displays 


Pinout 


Description 

The H 13050 is a triple, 10-bit D/A converter, fabricated in a silicon 
gate CMOS process, ideally suited for RGB video applications. 

The converter incorporates three 10-bit input data registers with a 
common blanking capability, forcing all outputs to 0mA. The 
HI3050 features low glitch, high impedance current outputs and 
single 5V supply operation. Low current inputs accept standard 
TTL/CMOS levels. The architecture is a current cell arrangement 
providing low differential and integral linearity errors. 

The H 13050 requires a 2 V external reference and a set resistor to 
control the output current. The HI3050 also features a chip 
enable/disable pin for reducing power consumption(<5mW) when 
the part is not in use. 

The HI3050 can generate RS-343A and RS-170 compatible video 
signals into doubly terminated and singly terminated 75ft loads. 

Ordering Information 


PART 

NUMBER 


HI3050 (MQFP) 

TOP VIEW 


TEMPERATURE 

RANGE 


0°C to +75°C 


64 Lead Plastic MQFP 


R0 (LSB) 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 

R9 (MSB) 

GO (LSB) 
G1 
G2 
G3 
G4 
G5 
G6 
G7 
G8 


0Q033 Q §b= O §5 £ 

Q^^ISS^ ^ 18 8 ^ ^ IS 2 

nnnnnnnnnnnnn 

64 63 62 61 60 59 58 57 56 55 54 53 52 \ 

1 • si : 

2 50 : 

3 49 : 

4 48 : 

5 47 : 

6 46 : 

7 45 : 

8 44 ; 

9 43 : 

10 42 ; 

11 4i : 

12 40 : 

13 39 : 

14 38 : 

15 37 : 

16 36 : 

17 35 : 

18 34 : 

19 33 : 

\ 20 21 22 23 24 25 26 27 28 29 30 31 32 


AGND 
COMP B 
VrefOUTB 
COMP G 
Vref OUT G 
COMP R 
Vref OUT R 
V REFB 
V REFG 
V REFR 

FS ADJUST B 

FS ADJUST G 

FS ADJUST R 

AGND 

Vbias 

DGND 

BCLK 

GCLK 

RCLK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 - ~ 
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Functional Block Diagram 
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CURRENT 
CELLS 


6 MSBs 
CURRENT 
CELLS 


CLOCK 

GENERATOR 


CURRENT CELLS 
(FOR FULL SCALE) 

4 LSBs 
CURRENT 
CELLS 


6 MSBs 
CURRENT 
CELLS 


CLOCK 

GENERATOR 


CURRENT CELLS 
(FOR FULL SCALE) 

4 LSBs 
CURRENT 
CELLS 



64) 

DV dd 

62) 

AV dd 

3) 

AV dd 

46) 

COMP R 

3) 

ROUT 

53) 

ROOT 

33) 

RCLK 

45) 

Vref out r 

42) 

V REFR 

39) 

FS ADJUST R 


AV dd 

59) 

AV dd 

48) 

COMP G 

56) 

GOUT 

5?) 

GOUT 

34) 

GCLK 

4^ 

V REF OUT G 

43) 

Vrefg 

40) 

FS ADJUST G 

54) 

AV dd 

m) 

AV dd 

5o) 

COMP B 

w) 

BOUT 

J) 

BOUT 

35) 

BCLK 

49) 

Vref OUT B 


V REFB 

FS ADJUST B 


37 J V B IAS 

AGND 
AGND 
DGND 
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Specifications HI3050 


Absolute Maximum Ratings 


Thermal Information 


Digital Supply Voltage, DV dd to DGND +7V Thermal Resistance (See Note 1) 


Analog Supply Voltage, AV DD to AGND +7V 


HI3050JCQ 80°C/W 


Digital Input Voltages DV dd to DGND Operating Temperature Range 

Analog Output Current (Iout) 30mA HI3050JCQ 0°C to +75°C 

Storage Temperature Range -65°C to +150°C Maximum Junction Temperature 

Lead Temperature (Soldering 10s) (Lead Tips Only) +300°C HI3050JCQ +150°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications av dd = +sv, dv dd = +5V, f clk = somhz, r l = 75, v REF = 2 v, r set = i .2K, t a = + 25 °c 



PARAMETER 


SYSTEM PERFORMANCE 


Integral Linearity Error, INL 


Differential Linearity Error, DNL 


Output Offset Voltage, V 0 s 


Output Full Scale Ratio Error, F SRE 


Full Scale Output Current, l FS 


Full Scale Output Voltage, V FS 


Output Voltage Compliance Range 


DYNAMIC CHARACTERISTICS 


Maximum Throughput Rate 


Glitch Energy, GE 


Settling Time 


Input Logic Low Voltage, V )L 


Input Logic Current, l (H 


Input Logic Current, l| L 


Digital Input Capacitance, Cn 


TEST CONDITION 



TIMING CHARACTERISTICS 


Data Setup Time, t su 


Data Hold Time, t HLD 


Propagation Delay Time, t PD 


Clock Pulse Width, T PW i, T PW q 


POWER SUPPLY CHARACTERISTICS 


Total Supply Current, AI DD + DI dd 


Analog Supply Current, AI DD 


Digital Supply Current, DI dd 


Power Dissipation 


1. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

2. Configured for Common Reference. _ I Full Scale Voltage of Channel 

SRE ~ Average Full Scale Voltage of All Channels 
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FULL-SCALE VOLTAGE (V) CROSSTALK (dB) 



SFDR(dB) SUPPLY CURRENT (mA) 
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Pin Description and Equivalent Circuit 


EQUIVALENT CIRCUIT 



54, 55, 58, 59, AV DD 
62, 63 


DESCRIPTION 


Digital Inputs 


Output Blanking Input 
High: Outputs Set to OmA. 

Low: Normal Output Operation. 


Internal Bias Decoupling 

Connect a 0.1 pF decoupling capacitor 

to DGND. 


Clock Inputs 

All input pins are TTL7CMOS compati- 
ble. 


Digital Ground 


Analog Ground 


Chip Enable Pin 
High: Part Disabled 
Low: Part Enabled 


Analog Power Supply 
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Pin Description and Equivalent Circuit (Continued) 


EQUIVALENT CIRCUIT 



DESCRIPTION 


Reference Output 

Typically connected to the Reference 
Decoupling inputs (COMP R, COMP G, 
COMP B). See Figures 11 and 12 for 
various configurations. 


Reference Decoupling 

Connect a decoupling capacitor (0.1 pF) 

to reduce noise on reference to AV DD . 


Full Scale Adjust 

Typically connect a 1.2kQ resistor, 
R S et. to AGND. R set is used to deter- 
mine full scale output current. 


Voltage Reference Input 

Typically set to 2V and determines full 

scale output current. 


V pep 

l 0UT ( Full Scale) = x 1 6 


Current Outputs 



Digital Power Supply 
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DAC INPUT/OUTPUT CODE TABLE (NOTE 1) 


INPUT CODE 


OUTPUT VOLTAGE 


111111 

• 

1 

1 

1 

1 

2.0V 

• 

1 0 0 0 0 0 

• 

0 

0 

0 

0 

1.0V 

• 

0 0 0 0 0 0 

0 

0 

0 

0 

ov 

NOTE: 

1 • Vref = 2.0V, Rset = 1 -2K, Pload = 75Q 

Detailed Description 


The HI3050 contains three matched, individual, 10-bit current 
output digital-to-analog converters. The DACs can convert at 
50 MSPS and run on +5V for both the analog and digital sup- 
plies. The architecture is a current cell arrangement. 10-bit lin- 
earity is obtained without laser trimming due to an internal 
calibration. 

Digital inputs 

The digital inputs to the H 13050 have TTL level thresholds. 
Due to the low input currents CMOS logic can be used as well. 
The digital inputs are latched on the rising edge of the clock. 

To reduce switching noise from the digital data inputs, a 
series termination resistor is the best solution. Using a 50Q 
to 1 30£2 resistor in series with the data lines, the edge rates 
are slowed. Slower edge rates reduce the amount of over- 
shoot and undershoot that directly couples through the lead 
frame of the device. TTL drivers such as the 74ALS or 74F 
series or CMOS logic series drivers, ACT, AC, or FCT, are 
excellent for driving the TTL/CMOS inputs of the converter. 

Clocks and Termination 

The HI3050 clock rate can run to 50MHz, therefore, to mini- 
mize reflections and clock noise into the part, proper termina- 
tion should be considered. In PCB layout clock traces should 
be kept short and have a minimum of loads. To guarantee con- 
sistent results from board to board controlled impedance 
traces should be used with a characteristic line impedance. 

To terminate the clock line, a shunt terminator to an AC 
ground is the most effective type at a 50MHz clock rate. Shunt 
termination is best used at the receiving end of the transmis- 
sion line or as close to the HI3050 CLK pin as possible. 



Rise and fall times and propagation delay of the line will be 
affected by the Shunt Terminator. The terminator can be 
connected to DGND. 

Power Supplies 

To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1 pF and 0.01 pF 
ceramic capacitors placed as close to the body of the 
H 13050 as possible on the analog (AV DD ) and digital (DV dd ) 
supplies. The analog and digital ground returns should be 
connected together at the device to ensure proper operation 
on power up. 

Reference 

The H 13050 DACs have their own references and can be set 
individually, see Figure 13. The three references can also 
share a common reference voltage, see Figure 12. A shared 
reference gives DAC to DAC matching of 1 .5%, typically. 

The HI3050 requires an external reference voltage to set the 
full scale output current. The external reference voltage is con- 
nected to the V REF inputs (V REFR , V REFG , and V REFB ). The 
Full Scale Adjust input (FS ADJUST R, FS ADJUST G, 
FS ADJUST B) should be connected to AGND through a 
1.2k£2 resistor, R SET . The reference outputs (V REF OUT R, 
V REF OUT G, V REF OUT B) should be connected to the 
decoupling input (COMP R, COMP G, COMP B) and decou- 
pled to AV dd with a 0.1 pF capacitor. This improves settling 
time by decoupling switching noise from the reference output 
of the HI3050. 

The full scale output current is controlled by the voltage ref- 
erence pin and the set resistor (R SET ). The ratio is: 

Iqut (Full Scale) = (VR EF /Rg E y) x 16, Iout is in mA (EQ.1) 

Blanking Input 

The BLANK input, when pulled high, will force the outputs of 
all three DACs to 0mA. 


FIGURE 6. AC TERMINATION OF THE HI3050 CLOCK LINE 
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Chip Enable 

The chip enable input, CE, will shut down the H 13050 caus- 
ing the outputs to go to 0mA. The analog and digital supply 
current will decrease to less than 1 mA, reducing power for 
low power applications. 

Outputs 

The HI3050 DAC outputs are complementary current out- 
puts. Current is steered to either I 0 ut or IqO? in proportion to 
the digital input code. The current output can be converted 
to a voltage by using a resistor load or l/V converting op 
amp. If only one output of a converter is being used, the 
unused output can be connected to ground or to a load 
equal to the used output. The output voltage when using a 
resistor load is: 

V OUT = tauT x R OUT (EQ- 2) 

The compliance range of the outputs is from 0V to +2.5V. 

To convert the output current of the D/A converter to a volt- 
age a load resistor followed by a buffer amplifier can be used 
as shown in Figure 5. The DAC needs a 75Q termination 
resistor on the Iqut P' n t0 ensure proper settling. 

H 13050 



FIGURE 7. HIGH SPEED CURRENT TO VOLTAGE CONVERSION 
Glitch 

The output glitch of the HI3050 is measured by summing the 
area under the switching transients after an update of the 
DAC. Glitch is caused by the time skew between bits of the 


incoming digital data. Typically the switching time of digital 
inputs are asymmetrical meaning that the turn off time is 
faster than the turn on time (TTL designs). Unequal delay 
paths through the device can also cause one current source 
to change before another. To minimize this the Harris H 13050 
employes an internal register, just prior to the current 
sources, that is updated on the clock edge. 

In measuring the output glitch of the HI3050 the output is ter- 
minated into a 75Q load. The glitch is measured at the major 
carries throughout the DACs output range. 



FIGURE 8. GLITCH TEST CIRCUIT 

The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 9 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt-seconds (pV-sec). 



GLITCH AREA = 1/2 (H X W) 
FIGURE 9. GLITCH ENERGY 
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Test Circuits 


10-BIT 
COUNTER 
WITH LATCH 


CLK 
50MHz 
SQUARE WAVE 


R0-R9 
1 -10 

R0 

G0-G9 
11 -20 

R0 

B0-B9 
21 -30 

GO 


GO 

BLK 

B0 

CE 

B0 

VB 

46, 48, 50 

RCLK 

45, 47, 49 

GCLK 

42-44 

BCLK 

39-41 


52 1 1 

3 

>750 

V AGND 

On 

El — | 

>750 


60] 1 

V AGND 

Ekr 

1 bisn 


OSCILLOSCOPE 


FIGURE 10. MAXIMUM CONVERSION SPEED TEST CIRCUIT 


CLK 
50MHz . 
SQUARE WAVE 



FIGURE 11. SETUP HOLD TIME AND GLITCH ENERGY TEST CIRCUIT 


DIGITAL 

WAVEFORM 

GENERATOR 


CLK 
50MHz . 
SQUARE WAVE 


R0-R9 
1 -10 

RO 

G0-G9 
11 -20 

RO 

B0-B9 

21-30 

GO 


GO 

BLK 

BO 

CE 

BO 

VB 

46, 48, 50 

RCLK 

45, 47, 49 

GCLK 

42-44 

BCLK 

39-41 


OSCILLOSCOPE 


FIGURE 12. CROSSTALK TEST CIRCUIT 
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Applications Circuits 


01 flTL CLOCK INPUT 

MF . 


/ 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 

; 52 32 ; 

: 53 31 : 

; 54 30 : 

; 55 29 : 

: 56 28 : 

: 57 27 ; 

: 58 26 : 

: 59 25 : 

: 60 24 ; 

: 6i 23 : 

; 62 22 ; 

: 63 21 : 

■ 64 • 20 : 

123456789 10111213141516171819 / 


• B CHANNEL INPUT 


R CHANNEL INPUT 


G CHANNEL INPUT 


FIGURE 13. COMMON VOLTAGE REFERENCE 


I°-n>iE 


0-1 run. CLOCK INPUT 

^F , 


/ 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 

52 32 ; 

53 31 : 

54 30 ; 

55 29 i 

56 28 ; 

57 27 ; 

58 26 ; 

59 25 

60 24 

61 23 

62 22 

63 21 

64 • 20 

1 2 3 4 5 6 7 8 9 10111213141516171819 / 


► B CHANNEL INPUT 


AGND DGND 


T dv do 

I DGND 
/7777 


R CHANNEL INPUT 


G CHANNEL INPUT 


FIGURE 14. INDEPENDENT REFERENCES 
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Definition of Specifications 

Integral Linearity Error (INL) - The measure of the worst Differential Phase (DP) - Differential Phase is the peak dif- 

case point that deviates from a best fit straight line of data ference in chrominance phase (in degrees) at two different 

values along the transfer curve. DC levels. 

Differential Linearity Error (DNL) - The measure of the Signal to Noise Ratio (SNR) - The ratio of a fundamental to 

step size output deviation from code to code. Ideally the step the noise floor of the analog output. The first 5 harmonics 

size should be 1 LSB. A DNL specification of 1 LSB or less are ignored, and an output filter of 1/2 the clock frequency is 

guarantees monotonicity. used to eliminate alias products. 

Crosstalk - Is the undesirable signal coupling from one Total Harmonic Distortion (THD) - The ratio of the DAC 
channel to another. output fundamental to the RMS sum of the harmonics. The 


Feedthrough - The measure of the undesirable switching 
noise coupled to the output. 

Output Voltage Full Scale Settling Time ■ The time 
required from the 50% point on the clock input for a full scale 
step to settle within an 1/2 LSB error band. 

Output Voltage Small Scale Settling Time - The time 
required from the 50% point on the clock input for a lOOmV 
step to settle within an 1/2 LSB error band. This is used by 
applications reconstructing highly correlated signals such as 
sine waves with more than 5 points per cycle. 

Glitch Energy (GE) - The switching transient appearing on 
the output during a code transition. It is measured as the 
area under the curve and expressed as a Volt-Time specifi- 
cation. 

Differential Gain (DG) - Differential Gain is the peak differ- 
ence in chrominance amplitude (in percent) at two different 
DC levels. 


Signal to Noise Ratio (SNR) - The ratio of a fundamental to 
the noise floor of the analog output. The first 5 harmonics 
are ignored, and an output filter of 1/2 the clock frequency is 
used to eliminate alias products. 

Total Harmonic Distortion (THD) - The ratio of the DAC 
output fundamental to the RMS sum of the harmonics. The 
first 5 harmonics are included, and an output filter of 1/2 the 
clock frequency is used to eliminate alias products. 

Spurious Free Dynamic Range (SFDR) - The amplitude 
difference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at 1/2 the clock frequency to elim- 
inate noise from clocking alias terms. 

Intermodulation Distortion (IMD) - The measure of the 
sum and difference products produced when a two tone 
input is driven into the D/A. The distortion products created 
will arise at sum and difference frequencies of the two tones. 
IMD is 

ll^ D _ 20 log (RMS of sum and difference distortion products) 
(RMS amplitude of the fundamental) 
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SEMICONDUCTOR 


HI5721 


July 1995 


10-Bit, 125 MSPS High Speed D/A Converter 


Features 

• 125 MSPS Throughput Rate 

• Low Power - 700mW 

• 1.5 LSB Integral Linearity Error 

• Low Glitch Energy - 1.5pV-s 

• TTL/CMOS Compatible Inputs 

• Improved Hold Time - 0.5ns 

• Excellent Spurious Free Dynamic Range 

• Improved Second Source for the AD9721 

Applications 

• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signal Reconstruction 

• HDTV 

• Test Equipment 

• High Resolution Imaging Systems 

• Arbitrary Waveform Generators 


Pinout 


The HI5721 is a 10-bit 125MHz high speed D/A converter. 
The converter incorporates a 10-bit input data register with 
quadrature data logic capability, and current outputs. The 
HI 5721 features low glitch energy and excellent frequency 
domain specifications. 


Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE PACKAGE 

-40°C to +85°C 28 Lead PDIP (600 mil) 

-40°C to +85°C 28 Lead Plastic SOIC (W) 


HI5721 
(PDIP, SOIC) 
TOP VIEW 


DO (LSB) hq 



26 \ CTRL AMP IN 


24 CTRL AMP OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 c . 


File Number 3949.3 






HI5721 


Typical Applications Circuit 


JU 




Vcc (14) 

D9 (MSB) (1) 

(23) REF IN 

D8 (2) 

D7 (3) (24) CTRL AMP OUT 

D6 (4) 

n( . (26) CTRL AMP IN 

D4 (6) 

(25) REF OUT 

D3 (7) 

(20) Iqut 

D2 (8) 

D1 (9) 

DO (LSB) (10) 

(21) lour 

CLK (11) 

(17) RseT 

INVERT (13) 

(19) ARTN 

DGND (15, 28) 

(18) AGND 

DV EE (16, 27) 

(22) AV ee 


- 5.2V(DV ee ) 


Functional Block Diagram 


QUADRATURE 

LOGIC 


(LSB) DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 

(MSB) D9 


DATA 

BUFFER/ 

LEVEL 

SHIFTER 


UPPER 

4-BIT 

DECODER 


J | 0.01 nF 

- 5.2V(AV ee ) 




6 LSB’S 
CURRENT 
CELLS 


I R2R I 
NETWORK I 


1 10-BIT I 
REGISTER I 


15 

SWITCHED 

CURRENT 

CELLS 


AV ee AGND DV ee DGND V cc 


I VOLTAGE I 
REFERENCE I 


REF OUT R S et CTRL AMP IN 


CTRL AMP 
OUT 
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Specifications HI5721 


Absolute Maximum Ratings 


Digital Supply Voltage V cc to DGND +5.5V 

Negative Digital Supply Voltage DV EE to DGND -5.5V 

Negative Analog Supply Voltage AV EE to AGND, ARTN -5.5V 

Digital Input Voltages (D9-D0, CLK, INVERT) V cc to -0.5 V 

Internal Reference Output Current 500|iA 

Control Amplifier Input Voltage Range AGND to -4.0V 

Control Amplifier Output Current ±2.5mA 

Reference Input Voltage Range -3.7 V to AV EE 

Analog Output Current (Iout) 30mA 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 


Thermal Information 


Thermal Resistance (See Note 1 ) 0 JA 

Plastic DIP Package 55°C/W 

SOIC Package 70°C/W 

Maximum Power Dissipation 

HI5721BI 750mW 

Operating Temperature Range 

HI5721BIX -40°C to +85°C 

Junction Temperature 

HI5721BIX +150°C 


CAUTION: Stresses above those listed in "Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications av ee , dv ee = -4.94 to -5.46V, v cc = +4.75 to +5.25V, v REF = -i ,25V, 
T a = see Spec Tables. 


PARAMETER 

TEST CONDITION 

HI5721BI 

| T A = -40°C to +85°C 

i 

UNITS 

MIN 

TYP 

MAX 

SYSTEM PERFORMANCE 

Resolution 


10 

- 

- 

Bits 

Integral Linearity Error, INL 

(Notes 4, 5) (“Best Fit” Straight Line) 

- 

±0.5 

±1.5 

LSB 

Differential Linearity Error, DNL 

(Notes 4, 5) 

- 

±0.5 

±1.0 

LSB 

Offset Error, l 0 s 

(Notes 4, 5) 

- 

16 

75 

pA 

Full Scale Gain Error, FSE 

(Notes 2, 4, 5) 

- 

2 

15 

% 

Offset Drift Coefficient 

(Note 3) 

- 

0.1 

- 

pA/°C 

Full Scale Output Current, l FS 

(Note 4) 

- 

-20.48 

- 

mA 

Output Voltage Compliance Range 

(Note 3) 

-1.5 

- 

+3.0 

V 

DYNAMIC CHARACTERISTICS 

Throughput Rate 

(Note 3) 

125.0 

- 

- 

MSPS 

Output Voltage Full Scale Step Settling Time, t SETT FS 

To ±0.5 LSB Error Band R L = 500 (Note 3) 

- 

ia 

- 

ns 

Output Voltage Small Step Settling Time, t SETT SM 

1 0OmV Step to ±0.5 LSB Error Band, R L = 500 
(Note 3) 

- 

3.5 

- 

ns 

Singlet Glitch Area, GE (Peak Glitch) 

R L = 500 (Note 3) 

- 

3.5 

- 

pV-s 

Doublet Glitch Area, (Net Glitch) 

- 

1.5 

- 

pV-s 

Output Slew Rate 

R l = 500, DAC Operating in Latched Mode 
(Note 3) 

- 

1,000 

- 

V/|is 

Output Rise Time 

R l = 500, DAC Operating in Latched Mode 
(Note 3) 

- 

675 

- 

ps 

Output Fall Time 

' 

R l = 500, DAC Operating in Latched Mode 
(Note 3) 

- 

470 


ps 

Spurious Free Dynamic Range, SFDR to Nyquist 

f CLK = 125 MHz, f 0U T = 2.02MHz, 62.5MHz 
Span (Notes 3, 6) 

- 

-59 

’ 

dBc 

f CLK = 1 25MHz, f 0 uT = 25MHz, 62.5MHz Span 
(Notes 3, 6) 

- 

-53 

- 

dBc 
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Electrical Specifications av ee , dv ee = -4.94 to -5.46V, v cc = +4.75 to +5.25V, v REF = -1 .25V, 
T a = see Spec Tables. (Continued) 




HI5721BI 

T a = -40°C to +85°C 


PARAMETER 

TEST CONDITION 

MIN 

TYP 

MAX 

UNITS 

Spurious Free Dynamic Range, SFDR within a 
Window 

fcLK = 125 MHz, f 0UT = 2.02MHz, 2MHz Span 
(Notes 3, 6) 

- 

-75 

- 

dBc 


f CLK= 125MHz, f 0UT = 25MHz, 2MHz Span 
(Notes 3, 6) 

| - 

-70 

- 

dBc 

Spurious Free Dynamic Range, SFDR to Nyquist 

f CLK = 1 00 MHz, f 0UT = 2.02MHz, 50MHz Span 
(Notes 3, 6) 

- 

-59 

- 

dBc 


fcLK= 100MHz, f 0U T = 25MHz, 50MHz Span 
(Notes 3, 6) 

- 

-51 

- 

dBc 

Spurious Free Dynamic Range, SFDR within a 
Window 

fcLK = 100 MHz, f 0 UT = 2.02MHz, 2MHz Span 
(Notes 3, 6) 

- 

-75 

- 

dBc 


f CLK = 1 00MHz, f 0U T = 25MHz, 2MHz Span 
(Notes 3, 6) 

- 

-72 

- 

dBc 

Signal to Noise Ratio (SNR) to Nyquist 
(Ignoring the first 5 harmonics) 

fcLK = 125 MHz, f 0U T = 2.02MHz, 

(Notes 3, 6) 

- 

54 

- 

dB 


fcLK = 1 25MHz, fouT = 25MHz 
(Notes 3, 6) 

■ 

51.5 

- 

dB 

Signal to Noise Ratio (SNR) to Nyquist 
(Ignoring the first 5 harmonics) 

fcLK = 1 00 MHz, f 0UT = 2.02MHz, 

(Notes 3, 6) 

- 

54.5 

- 

dB 


fcLK = 1 00MHz, fouT = 25MHz 
(Notes 3, 6) 

- | 

50.3 

- 

dB 

Signal to Noise Ratio + Distortion (SINAD) to Nyquist 

f CLK= 125 MHz, f 0UT = 2.02MHz, 

(Notes 3, 6) 

- 

52.4 

- 

dB 


f C LK= 125MHz, f 0U T = 25MHz 
(Notes 3, 6) 

- 

49.2 

- 

dB 

Signal to Noise Ratio + Distortion (SINAD) to Nyquist 

fcLK = 1 00 MHz, f 0U T = 2.02MHz, 

(Notes 3, 6) 

- 

52.7 

- - 

- 

dB 


f CLK = 100MHz, f 0U T = 25MHz 
(Notes 3, 6) 

• 

47.6 

- 

dB 

Total Harmonic Distortion (THD) to Nyquist 

fcLK = 1 25 MHz, four = 2.02MHz, 

(Notes 3, 6) 

- 

-57.8 

- - 

• 

dBc 


fcLK = 125MHz, f 0U T = 25MHz 
(Notes 3, 6) 

- 

-53.3 

- 

dBc 

Total Harmonic Distortion (THD) to Nyquist 

fcLK = 100 MHz, fouT = 2.02MHz, 

(Notes 3, 6) 

- 

-57.9 

- 

dBc 


fcLK= 100MHz, f 0UT = 25MHz 
(Notes 3, 6) 

- 

' 51 

— 

- 

dBc 

Intermodulation Distortion (IMD) to Nyquist 

f CLK = 125 MHz, f 0UT1 = 800kHz, 
f OUT 2 = 900kHz (Notes 3, 6) 

- 

57.3 

- 

dB 

Intermodulation Distortion (IMD) to Nyquist 

fci_K= 100 MHz, f OU Ti = 800kHz, 
f 0 uT 2 - 900kHz (Notes 3, 6) 

- 

57.2 

- 

dB 
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Specifications HI5721 


Electrical Specifications av ee , dv ee = - 4.94 to -5.46V, v oc = +4.75 to +5.25V, v REF = -1 .25V, 
T a = see Spec Tables. (Continued) 


PARAMETER 

TEST CONDITION 

REFERENCE/CONTROL AMPLIFIER 

Internal Reference Voltage, V REF 

(Notes 4, 5) 

Internal Reference Voltage Drift 

(Note 3) 

Internal Reference Output Current Sink/Source 
Capability 

(Note 3) 

Amplifier Input Impedance 

(Note 3) 

Amplifier Large Signal Bandwidth 

4.0V P _ P Sine Wave Input, to Slew Rate Limited 
(Note 3) 

Amplifier Small Signal Bandwidth 

1 .0V P . P Sine Wave Input, to -3dB Loss (Note 3) 

Reference Input Impedance 

(Note 3) 

Reference Input Multiplying Bandwidth 

R l = 50Q, lOOmV Sine Wave, to -3dB Loss at 
Iqut (Note 3) 

DIGITAL INPUTS (D9-D0, CLK, INVERT) 

Input Logic High Voltage, V )H 

(Note 5) 

Input Logic Low Voltage, V )L 

(Note 5) 

Input Logic Current, l| H 

(Note 5) 

Input Logic Current, l iL 

(Note 5) 

Digital Input Capacitance, C )N 

(Note 3) 

TIMING CHARACTERISTICS 

Data Setup Time, tgu 

See Figure 3, (Note 3) 

Data Hold Time, t HLD 

See Figure 3, (Note 3) 

Propagation Delay Time, t PD 

See Figure 3, (Note 3) 

CLK Pulse Width, Tp^-j, T P w2 

See Figure 3, (Note 3) 

POWER SUPPLY CHARACTERISTICS 

in 

in 

< 

(Notes 4, 5) 

idv ee 

(Notes 4, 5) 

< 

o 

o 

(Notes 4, 5) 

Power Dissipation 

(Note 5) 

Power Supply Rejection Ratio 

V cc ±5%, V EE ±5% (Note 4) 


HI5721BI 

T a = -40°C to +85°C 


MIN TYP MAX 



-1.15 -1.25 -1.35 


100 



700 775 


50 


1 . Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

2. Gain Error measured as the error in the ratio between the full scale output current and the current through R SET (typically 640pA). Ideally 
the ratio should be 32. 

3. Parameter guaranteed by design or characterization and not production tested. 

4. Typical values are test results at T A = +25°C. 

5. All devices are 100% tested at +25°C. 100% productions tested at temperature extremes for military temperature devices, sample tested 
for industrial temperature devices. 

6. Spectral measurements made without external filtering. 


5-18 











































































































HI5721 


Timing Diagrams 




1/2 LSB ERROR BAND 


GLITCH AREA = 1/2 (H x W) 


HEIGHT (H) 


*PD tcFTT L ^~ 


FIGURE 1. FULL SCALE SETTLING TIME DIAGRAM 


FIGURE 2. PEAK GLITCH AREA (SINGLET) MEASUREMENT 
METHOD 




FIGURE 3. PROPAGATION DELAY, SETUP TIME, HOLD TIME AND MINIMUM PULSE WIDTH DIAGRAM 
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Typical Performance Curves 



DATA CODE DATA CODE 

FIGURE 4. INTEGRAL NON-LINERARITY “BEST FIT” FIGURE 5. DIFFERENTIAL NON-LINEARITY 

STRAIGHT LINE 


*ATTEN 20dB AMKR-54.16dB *ATTEN 20dB 

RL -lO.OdBm 10dB/ 25.2MHz RL-IO.OdBm 10dB/ SFDR = -55.8dBc 



START 0Hz STOP 62.50MHz START 0Hz STOP62.50MHZ 

*RBW 3.0kHz *VBW 1.0kHz SWP 53.0s *RBW 3.0kHz *VBW 1.0kHz SWP 53.0s 


FIGURE 6. SPURIOUS FREE DYNAMIC RANGE TO NYQUIST FIGURE 7. SPURIOUS FREE DYNAMIC RANGE TO NYQUIST 
25MHz FUNDAMENTAL 2MHz FUNDAMENTAL 



FREQUENCY (MHz) 

FIGURE 8. INTERMODULATION DISTORTION 



F 0 ut (MHz) 

FIGURE 9. SPURIOUS FREE DYNAMIC RANGE (TO NYQUIST) vs 
OUTPUT FREQUENCY 





HI5721 
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Typical Performance Curves (Continued) 



-20 0 20 40 60 80 100 

TEMPERATURE (°C) 

: 16. REFERENCE VOLTAGE vs TEMPERATURE 



-50 -40 -30 -20 -10 0 10 20 30 40 50 60 -50 80 90 

TEMPERATURE (°C) 

NOTE: Clock Frequency does not alter power dissipation. 

FIGURE 17. POWER DISSIPATION vs TEMPERATURE 


Pin Descriptions 


PIN NO. 

PIN NAME 

PIN DESCRIPTION 

1-10 

DO (LSB) 
through D9 
(MSB) 

Digital Data Bit 0, the Least Significant Bit through Digital Data Bit 9, the Most Significant Bit 

11 

CLK 

Data Clock Pin 100kHz to 125MHz 

12 

NC 

No Connect 

13 

INVERT 

Data Invert control for bits DO (LSB) through D8. D9 (MSB) is not affected. 

14 

< 

o 

o 

Digital Logic Supply +5V 

15, 28 

DGND 

Digital Ground 

16, 27 

in 

UJ 

> 

Q 

-5.2V Logic Supply 

17 

r set 

External resistor to set the full scale output current. I FS = 32 x (CTRL AMP IN/R SET ). Typically 1960Q. 

18 

AGND 

Analog Ground supply current return pin 

19 

ARTN 

Analog Signal Return for the R/2R ladder 

20 

'out 

Current Output Pin 

21 

'out 

Complementary Current Output Pin 

22 

AV ee 

-5.2V Analog Supply 

23 

REF IN 

Reference Input pin. Typically connected to CTRL AMP OUT and a 0.1 pF capacitor should be connected 
to AV ee to bypass the reference voltage. Provides a reference for the current switching network. 

24 

CTRL AMP 
OUT 

Control Amplifier Output. Used to convert the internal reference or an external signal to the precision ref- 
erence current. 

25 

REF OUT 

Internal Reference Output. Output of the internal -1 .25V (typical) bandgap voltage reference. 

26 

CTRL AMP IN 

Control Amplifier Input. High impedance, inverting input of the reference control/buffer amplifier. 
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Detailed Description 

The HI5721 is a 10-bit, current out D/A converter. The DAC 
can convert at 125 MSPS and runs on +5V and -5.2V sup- 
plies. The architecture is an R/2R and segmented switching 
current cell arrangement to reduce glitch and maintain 10-bit 
linearity without laser trimming. The HI5721 achieves its low 
power and high speed performance from an advanced 
BiCMOS process. The HI5721 consumes 700mW (typical) 
and has an improved hold time of only 0.5ns (typical). The 
H 15721 is an excellent converter to be used for communica- 
tions applications and high performance video systems. 

Digital Inputs 

The HI5721 is a TTL/CMOS compatible D/A. The inputs can 
be inverted using the INVERT pin. When INVERT is LOW 
(‘0’) the input quadrature logic simply passes the data 
through unchanged. 

When INVERT is HIGH (‘1’) bits DO (LSB) through D8 are 
inverted. D9 is not inverted and can be considered a sign bit 
when enabling this quadrature compatible mode. The 
INVERT function can simplify the requirements for large sine 
wave lookup tables in a Numerically Controlled Oscillator. 
The NCO used in a DDS application would only have to 
store or generate 90° of information and then use the 
INVERT control to control the sign of the output waveform. 

Data Buffer/Level Shifters 

Data inputs DO (LSB) through D9 (MSB) are internally trans- 
lated from TTL to ECL. The internal latch and switching cur- 
rent source controls are implemented in ECL technology to 
maintain high switching speeds and low noise characteristics. 

Decoder/Driver 

The architecture employs a split R/2R and Segmented Cur- 
rent source arrangement. Bits DO (LSB) through D5 directly 
drive a typical R/2R network to create the binary weighted 
current sources. Bits D6 through D9 (MSB) pass through a 
“thermometer” encoder that converters the incoming data 
into 15 individual segmented current source enables. The 
split architecture helps to improve glitch while maintaining 
10-bit linearity without laser trimming. The worst case glitch 
is more constant across the entire output transfer function. 

Clocks and Termination 

The internal 10-bit register is updated on the rising edge of the 
clock. Since the HI5721 clock rate can run to 125MHz, to mini- 
mize reflections and clock noise into the part proper termination 
should be used. In PCB layout clock runs should be kept short 
and have a minimum of loads. To guarantee consistent results 
from board to board controlled impedance PCBs should be 
used with a characteristic line impedance Z 0 of 50ft. 

To terminate the clock line a shunt terminator to ground is the 
most effective type at a 125MHz clock rate. A typical value for 
termination can be determined by the equation: 


for the termination resistor. For a controlled impedance 
board with a Z Q of 50ft, the R T = 50ft. Shunt termination is 
best used at the receiving end of the transmission line or as 
close to the H 15721 CLK pin as possible. 



FIGURE 18. AC TERMINATION OF THE HI5721 CLOCK LINE 

Rise and Fall times and propagation delay of the line will be 
affected by the Shunt Terminator. The terminator can be 
connected to DGND. 

Noise Reduction 

To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1 pF and 0.01 pF 
ceramic capacitors placed as close to the body of the 
HI5721 as possible on the analog (AV EE ) and digital (DV EE ) 
supplies. The analog and digital ground returns should be 
connected together back at the device to ensure proper 
operation on power up. The V^c power pin should be decou- 
pled with a 0.1 pF capacitor. 


The internal reference in the HI5721 is a -1.25V (typical) 
bandgap voltage reference with a 100pV/°C temperature 
drift (typical). The internal reference should be buffered by 
the Control Amplifier to provide adequate drive for the seg- 
mented current cells and the R/2R resistor ladder. Refer- 
ence Out (REF OUT) should be connected to the Control 
Amplifier Input (CTRL AMP IN). The Control Amplifier Out- 
put (CTRL AMP OUT) should be used to drive the Refer- 
ence Input (REF IN) and a 0.1 pF capacitor to analog 
V- (AV ee ). This improves settling time by decoupling switch- 
ing noise from the analog output of the HI5721 . 

The Full Scale Output Current is controlled by the CTRL 
AMP IN pin and the set resistor (Rset)- The ratio is: 

l 0UT (Full Scale) = (V CTRL AMP in/Rset) x 32 

Multiplying Capability 

The HI5721 can operate in two different multiplying configu- 
rations. First, using the CTRL AMP IN input pin, a -0.6V to 
-1 .2V signal can be applied with a bandwidth up to 1 MHz. To 
increase the multiplying bandwidth, the 0.1 pF capacitor con- 
nected from REF IN to AV EE can be reduced. 



FIGURE 19. LOW FREQUENCY MULTIPLYING CIRCUIT 
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If higher multiplying frequencies are desired, the reference 
input can be directly driven. The analog signal range is -3.3V 
to -4.25V. The multiplying signal must be capacitively cou- 
pled into REF IN onto a DC bias between -3.3V to -4.25V 
(-3.8V typically). 


HI5721 



FIGURE 20. WIDEBAND MULTIPLYING CIRCUIT 
Outputs 


In measuring the output glitch of the HI5721 the output is ter- 
minated into a 50ft load. The glitch is measured at the major 
carry’s throughout the DACs output range. 

The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 21 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt-seconds (pV-s). 



The outputs Iqut and lour are complementary current out- 
puts. Current is steered to either I 0 ut or J o0T in proportion to 
the digital input code. The sum of the two currents is always 
equal to the full scale current minus one LSB. The current 
output can be converted to a voltage by using a resistor 
load. Both current outputs should have the same load (50ft 
typically). The output voltage is: 

v out = •out x r out 

The compliance range of the outputs is from -1 .5V to +3.0V. 

Glitch 


TABLE 1. INPUT CODING vs CURRENT OUTPUT 



The output glitch of the HI5721 is measured by summing the 
area under the switching transients after an update of the 
DAC. Glitch is caused by the time skew between bits of the 
incoming digital data. Typically the switching time of digital 
inputs are asymmetrical meaning that the turn off time is 
faster than the turn on time (TTL designs). Unequal delay 
paths through the device can also cause one current source 
to change before another. To minimize this the Harris HI5721 
employes an internal register, just prior to the current 
sources, that is updated on the clock edge. Lastly the worst 
case glitch usually happens at the major transition i.e. 
01 1111 1111 to 10 0000 0000. But in the HI5721 the glitch is 
moved to the 00 0001 1111 to 11 1110 0000 transition. This 
is achieved by the split R/2R segmented current source 
architecture. This decreases the amount of current switching 
at any one time and makes the glitch practically constant 
over the entire output range. By making the glitch a constant 
size over the entire output range this effectively integrates 
this error out of the end application. 



FIGURE 22. GLITCH ENERGY 


Applications 

Voltage Conversion of the Output 

To convert the output current of the D/A converter, to a volt- 
age an amplifier should be used as shown in Figure 23 
below. The DAC needs a 50ft termination resistor on the 
Iqut pin to ensure proper settling. The HFA1110 has an 
internal feedback resistor to compensate for high frequency 
operation. 

+5V 


I HFA1110 | 



FIGURE 23. HIGH SPEED CURRENT TO VOLTAGE CONVERSION 





HI5721 


Bipolar Applications 

To convert the output to a bipolar 2.0V output swing the fol- 
lowing applications circuit is recommended. The Reference 
can only provide 100jiA of drive, so it must be buffered to 
create the bipolar offset current needed to generate -2.5V 
output with all bits ‘off’. The output current must be con- 
verted to a voltage and then gained up and offset to produce 
the proper swing. Care must be taken to compensate for the 
output voltage swing and error. 



Interfacing to the HSP45102 NCO-12 

The HSP45102 is a 12-bit output Numerically Controlled 
Oscillator (NCO). The HSP45102 can be used to generate 
various modulation schemes for Direct Digital Synthesis 
(DDS) applications. Figure 26 shows how to interface an 
HI5721 to the HSP45102. 

This high level block diagram is that of a basic PSK modula- 
tor. In this example the encoder generates the PSK wave- 
form by driving the Phase Modulation Inputs (PI, P0) of the 
HSP45102. The P1-0 inputs impart a phase shift to the car- 
rier wave as defined in Table 2. 

TABLE 2. PHASE MODULATION INPUT CODING 


BIPOLAR 

OUTPUT 

R6 (±2.0V) 

50 


FIGURE 24. BIPOLAR OUTPUT CONFIGURATION 

Interfacing to the HSP45106 NCO-16 

The HSP45106 is a 16-bit output Numerically Controlled 
Oscillator (NCO). The HSP45106 can be used to generate 
various modulation schemes for Direct Digital Synthesis 
(DDS) applications. Figure 25 shows how to interface an 
HI5721 to the HSP45106. 



The 10 MSB’s of the HSP45102 drive the 10-bit HI5721 DAC 
which converts the NCO output into an analog waveform. 
The output filter connected to the DAC can be tailored to 
remove unwanted spurs for the desired carrier frequency. 
The controller is used to load the desired center frequency 
and control the HSP45102. The HI5721 coupled with the 
HSP45102 make an inexpensive PSK modulator with 
Spurious Free operation down to -76dBc. 
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BASEBAND 

BIT. 

STREAM 


ENCODER 


CONTROLLER 


K9 

>CLK 

MOD2 

-SSL MODI 

CIO 

MODO 

PMSEL DACSTRB# £1 
-H8» ENPOREG# SIN15 ff 
ENOFREG# SIN14 |f 
-|fc ENCFREG# SIN13 |f 
ENPHAC# SIN12 if 
ENTIREG# SIN11 if 
INHOFR# SIN10 ff 
-^0 INITPAC# S,N9 -S5=- 


rrP IIMnUrnir 

INITPAC# 

S14 INITTAC# 

DIO 

TEST 

V cca ili PARSER# 
K11 

> — — ^ --c BINFMT# 

51 C15_MSB 

ir 04 

If C13 

If C12 

C11 

21 cio 

C8 

m r' 

A4 

— C5 

51 C4 

A3. c 

A2 2 

02 

21 ci 

A1 

CO 

=t" 

sf A0 

=S 

V CC o^ PACI# 
V CC 0-^> OEC# 


14 |— — — 

O— DV dd 

— 1 D9 (MSB) 
2 nn 


SIN13 -=~ — 
SIN12 12— 
SIN11 i|— 
SIN10 12— 
SIN9 ||— 
SIN8 If- 
SIN7 if— 
SIN6 if- . 
SIN5 |f 
SIN4 |f 
S| N3 |f 
SIN2 -g- 
SIN1 T7n 
SINO ±1£ 


C0S15 |f 
C0S14 
C0S13 ff 
C0S12 |f 
C0S11 |f 
COSIO |f 
C0S9 |f 
C0S8 |f 

COS7 H" 

C0S6 

COSS |f 
C0S4 |f 
C0S3 |f 
C0S2 -jf 
C0S1 ~f 
COSO — 

TICO# 3 


REF IN|> 
CAMP OUtI- 


C2^1.0|iF 


10 






26 


11 

v CLK 




REF OUT 

25 


13 





RSET 

17 

R1 

- AAA 

28 

DVee 


W' 

J5 

WV SS 

nu-- 


50 


uv ss 

ARET 

19 



— DV EE 

— dv ee 


_18 

£1 -5.2V_A 


-5.2V_D mm -5.2V_A 

IOjiH 




FIGURE 25. PSK MODULATOR USING THE HI5721 AND THE HSP45106 12-BIT NCO 
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Definition of Specifications 


Integral Linearity Error, INL is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 

Differential Linearity Error, DNL is the measure of the step 
size output deviation from code to code. Ideally the step size 
should be 1 LSB. A DNL specification of 1 LSB or less guar- 
antees monotonicity. 

Feedthru, is the measure of the undesirable switching noise 
coupled to the output. 

Output Voltage Full Scale Settling Time, is the time 
required from the 50% point on the clock input for a full scale 
step to settle within an 1/2 LSB error band. 

Output Voltage Small Scale Settling Time, is the time 
required from the 50% point on the clock input for a lOOmV 
step to settle within an 1/2 LSB error band. This is used by 
applications reconstructing highly correlated signals such as 
sine waves with more than 5 points per cycle. 

Glitch Area, GE is the switching transient appearing on the 
output during a code transition. It is measured as the area 
under the curve and expressed as a Volt-Time specification. 

Differential Gain, AA V is the gain error from an ideal sine 
wave with a normalized amplitude. 


Differential Phase, AO is the phase error from and ideal 
sine wave. 

Signal to Noise Ratio, SNR is the ratio of a fundamental to 
the noise floor of the analog output. The first 5 harmonics 
are ignored, and an output filter of 1/2 the clock frequency is 
used to eliminate alias products. 

Total Harmonic Distortion, THD is the ratio of the DAC out- 
put fundamental to the RMS sum of the harmonics. The first 
5 harmonics are included, and an output filter of 1/2 the 
clock frequency is used to eliminate alias products. 

Spurious Free Dynamic Range, SFDR is the amplitude dif- 
ference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at 1/2 the clock frequency to elim- 
inate noise from clocking alias terms. 

Intermodulation Distortion, IMD is the measure of the sum 
and difference products produced when a two tone input is 
driven into the D/A. The distortion products created will arise 
at sum and difference frequencies of the two tones. IMD is 

jMD _ 20 log (RMS of sum and difference distortion products) 
(RMS amplitude of the fundamental.) 
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Features 

• 80 MSPS Throughput Rate 

• Low Power - 150mW 

• ±0.5 LSB Differential Linearity Error 

• TTL/CMOS Compatible Inputs 

• Built in Bandgap Voltage Reference 

• Power Down and Blanking Control Pins 

Applications 

• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signal Reconstruction 

• Test Equipment 

• High Resolution Imaging and Graphics Systems 

• Arbitrary Waveform Generators 


Description 

The HI5780 is a 10-bit 80MHz high speed, low power D/A 
converter. The converter incorporates a 10-bit input data 
register with current outputs. The HI5780 includes a power 
down feature that reduces power consumption and a blank- 
ing control. The on chip bandgap reference can be used to 
set the output current range of the D/A, 

Ordering Information 


PART 

NUMBER 


TEMPERATURE 

RANGE PACKAGE 

-20°C to +75°C 32 Lead Plastic MQFP 


Pinout 


HI5780 
(MQFP) 
TOP VIEW 


j o z § 

S 5 8 2 S 8 £ S 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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HI5780 


Typical Application Circuit 


JU- 


POWER DOWN CONTROL - 


DV dd (13, 28) 

(20, 21)AV dd 

D9 (MSB) (7) 


D8 (6) 

(22) VG 

D7 (5) 

(18) REFqut 

D6 (4) 

(19)V ref 

D5 (3) 


D4 (2) 

(14) VB 

D3 (1) 


D2 (32) 

(24) l 0 UT 

D1 (31) 


DO (30) 

(23) touT 

CLK (9) 



(171 lr.ee 

BLK(10) 

V ,f J *REF 

DGND (8, 12,15, 16, 

26, 27, 29) 

| PD (11) 

(25) AGND | 
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Specifications HI5780 


Absolute Maximum Ratings 

Supply Voltage V DD to DGND +7.0V 

Digital Input Voltages (D9-D0, CLK, BLANK. PD) ... . V DD to -0.5V 

Internal Reference Output Current ±2. 5mA 

Reference Input Voltage Range (V REF ) V DD to -0.5 V 

Analog Output Current (l 0UT ) 1 5mA 

Storage Temperature Range -65°C to +150°C 


Thermal Information 

Thermal Resistance (Note 1) 0 JA 

Plastic Quad Flatpack Package 122°CA N 

Maximum Power Dissipation 

HI5780BI 180mW 

Operating Temperature Range 

HI5780BIX -20°C to +75°C 


Lead Temperature (Soldering 10s) (Lead Tips Only) +300°C Junction Temperature 

HI5780BIX +150°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications av dd , dv dd = s.oov, v REF = 2.oov, f CLK = somhz, r LOA d = 2oon, r ref = 3 - 3ka - 
Ta = 25°C 



Integral Linearity Error, INL 


Differential Linearity Error, DNL 


Offset Error, l 0 s 


Full Scale Output Current, l FS 


Full Scale Drift Coefficient, Idrift 


Output Voltage Compliance Range 


DYNAMIC CHARACTERISTICS 


Throughput Rate 


Output Voltage Full Scale Step 
Settling Time, t SETT FS 


Singlet Glitch Area, GE (Peak) 


Differential Gain, DG 


Differential Phase, DP 


Spurious Free Dynamic Range, SFDR to Nyquist 


Spurious Free Dynamic Range, SFDR Within a 
Window 


REFERENCE 


Internal Reference Voltage, REFqut 


Internal Reference Voltage Drift 


Reference Input Voltage Range, V REF 


DIGITAL INPUTS (D9-D0, CLK, BLK, PD) 


Input Logic High Voltage, V| H 


Input Logic Low Voltage, V, L 


Input Logic Current, l| H 


Input Logic Current. l iL 


Digital Input Capacitance, C (N 


R|_oad = ^ 00D, Vqut = TO Vp.p (Note 3) 


(Note 4) 


(Note 4) 


f CLK = 80MHz, f 0U T = 2.02MHz, 40MHz Span 
(Note 3) 


fcLK = 80MHz, fouT = 25MHz, 40MHz Span 
(Note 3) 


f CLK = 80MHz, f 0U T = 2.02MHz, 2MHz Span 
(Note 3) 


fcLK= 80MHz, f 0U T = 25MHz, 2MHz Span 
(Note 3) 


(Notes 4, 5) 


(Note 3) 


(Note 3) 
















































































































HI5780 


Electrical Specifications av dd , dv dd = s.oov, v REF = 2.00V, f CLK = somhz, r L0A d = 200a, r ref = 3.3k n, 
T a = 25°C (Continued) 


PARAMETER 

TEST CONDITION 

HI5780BI 

UNITS 

MIN | TYP 

MAX 

TIMING CHARACTERISTICS | 

Data Setup Time, t su 

See Figure 1 , (Note 3) 

5.0 

- 

- 

ns 

Data Hold Time, t H |_D 

See Figure 1 , (Note 3) 

1.0 

- 

- 

ns 

Propagation Delay Time, t PD 

See Figure 1 , (Note 3) 

- 

10 

- 

ns 


See Figure 1 , (Note 3) 

6.25 

- 

- 

ns 

POWER SUPPLY CHARACTERISTICS | 

IAV dd 

(Notes 4, 5) 

- 

- 

15 

mA 

IDV dd 

(Notes 4, 5) 

- 

- 

15 

mA 

Power Dissipation 

(Note 5) 

- 

- 

150 

mW 

Sleep Mode Power Consumption 

PD = 0 (Note 4) 

- 

TBD 

TBD 

mW 


NOTES: 

1 . Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 
2 - r load is connected to Iqut (P' n 24) and R ref is connected to l REF (pin 17). 

3. Parameter guaranteed by design or characterization and not production tested. 

4. Typical values are test results at T A = +25°C. 

5. All devices are 100% tested at +25°C. 


Timing Diagrams 



FIGURE 1. FULL SCALE SETTLING TIME DIAGRAM FIGURE 2. PEAK GLITCH AREA (SINGLET) MEASUREMENT 

METHOD 
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Pin Descriptions 



DESCRIPTION 


Digital data bit 0, the least significant bit thru digital data Bit 9, the most significant bit. 


Data clock pin 1 00kHz to 80MHz. 


Digital logic supply +5V. 


Digital ground. 


Analog supply +5V. 


Output blanking pin. When set (‘1’) this pin zeros the I 0 ut pin. 


Analog ground supply current return pin. 


Power down mode pin. This pin when set (‘1’) places the HI5780 in lower power mode and zeros the 
output. Power consumption is reduced. 


Current output pin. 


Complementary current output pin. 


Bandgap reference output. 


Reference resistor. Value is 16 times greater than the load resistor (R|_oad)- 


Voltage reference input. 


Bias voltage generator bypass capacitor. 


Reference amplifier bypass capacitor pin. 
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HI5780 


Detailed Description 

The HI5780 is a 10-bit, current out D/A converter. The DAC 
can convert at 80 MSPS and runs on +5V supplies. The 
HI5780 achieves it’s low power and high speed performance 
from an advanced CMOS process. The HI5780 consumes 
1 50mW (maximum) and has a power down mode that only 
consumes TBD mW when in sleep mode. The HI5780 is an 
excellent converter to be used for communications applica- 
tions and high performance video systems. 

Digital Inputs 

The H 15780 is a TTL/CMOS compatible D/A. Data is latched 
by a 10-bit latch. Once latched data inputs DO (LSB) thru D9 
(MSB) are decoded to the intnerl current cells; the internal 
latch and switching current source controls are implemented 
in CMOS technology to maintain high switching speeds and 
low power consumption. 

Clocks and Termination 

The internal 10-bit register is updated on the rising edge of the 
clock. Since the H 15780 clock rate can run to 80MHz, to mini- 
mize reflections and clock noise into the part, proper termina- 
tion should be used. In PCB layout clock runs should be kept 
short and have a minimum of loads. To guarantee consistent 
results from board to board controlled impedance, PCBs 
should be used with a characteristic line impedance Z 0 of 50ft. 

To terminate the clock line a shunt terminator to ground is the 
most effective type at a 80MHz clock rate. A typical value for 
termination can be determined by the equation: 


for the termination resistor. For a controlled impedance 
board with a Z 0 of 50ft, the R T = 50ft. Shunt termination is 
best used at the receiving end of the transmission line or as 
close to the H 15780 CLK pin as possible. 



FIGURE 4. AC TERMINATION OF THE HI5780 CLOCK LINE 

Rise and Fall times and propagation delay of the line will be 
affected by the Shunt Terminator. The terminator can be 
connected to DGND. 

Noise Reduction 

To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1 pF and 0.01 pF 
ceramic capacitors placed as close to the body of the 
HI5780 as possible on the analog (AV DD ) and digital (DV dd ) 
supplies. The analog and digital ground returns should be 
connected together back at the device to ensure proper 
operation on power up. 


The internal reference in the HI5780 is a 1.25V (typical) 
bandgap voltage reference. The internal reference is buff- 
ered by an amplifier to provide adequate drive for the current 
cells and the R/2R resistor ladder. Reference Out (REF 0 ut) 
is connected to the V REF pin. The Full Scale Output Current 
is controlled by the resistor connected to l REF . The full scale 
output voltage, is set by the following equation: 

V OUt ( FuI1 Scale ) = V REF X 16 ( R LOAD /R REF ) 

Applications 

Voltage Conversion of the Output 

To convert the output current of the D/A converter, to a volt- 
age, an amplifier should be used as shown in Figure 5 
below. The DAC needs a 50ft termination resistor on the 
•out P in t0 ensure proper settling. The HFA1110 has an 
internal feedback resistor to compensate for high frequency 
operation. 


2 rt i 

r 


DAC 

1 Lb 

, 0UT \ 21 f 


| 'OUT 1 T 

V 

' 50Q< 

L - :r 


FIGURE 5. HIGH SPEED CURRENT TO VOLTAGE CONVERSION 

Definition of Specifications 

Integral Linearity Error, INL is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 

Differential Linearity Error, DNL is the measure of the step 
size output deviation from code to code. Ideally the step size 
should be 1 LSB. A DNL specification of 1 LSB or less guar- 
antees monotonicity. 

Output Voltage Full Scale Settling Time, is the time 
required from the 50% point on the clock input for a full scale 
step to settle within an 1/2 LSB error band. 

Glitch Area, GE is the switching transient appearing on the 
output during a code transition. It is measured as the area 
under the curve and expressed as a Volt-Time specification. 

Differential Gain, AA V is the gain error from an ideal sine 
wave with a normalized amplitude. 

Differential Phase, A<I> is the phase error from and ideal 
sine wave. 

Spurious Free Dynamic Range, SFDR is the amplitude dif- 
ference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at 1/2 the clock frequency to elim- 
inate noise from clocking alias terms. 
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SEMICONDUCTOR 


HIN200 thru HIN213 


July 1995 


+5V Powered RS-232 Transmitters/Receivers 
with 0.1 Microfarad External Capacitors 


Features 

• Meets All RS-232E and V.28 Specifications 

• Requires Only 0.1 External Capacitors 

• 120kbit/s Data Rate 

• Two Receivers Active in Shutdown Mode (HIN213) 

• Requires Only Single +5V Power Supply 

- (+5V and +12V - HIN201 and HIN209) 

• Onboard Voltage Doubler/Inverter 

• Low Power Consumption Typically 5mA 

• Low Power Shutdown Function Typically l^iA 

• Three-State TTL/CMOS Receiver Outputs 

• Multiple Drivers 

- ±10V Output Swing for +5 V Input 

- 300Q Power-Off Source Impedance 

- Output Current Limiting 

- TTL/CMOS Compatible 

- 30V/us Maximum Slew Rate 

• Multiple Receivers 

- 30V Input V oltage Range 

- 3kQ to 7kO Input Impedance 

- 0.5V Hysteresis to Improve Noise Rejection 


Description 

The HIN200-HIN213 family of RS-232 transmitters/receivers 
interface circuits meet all EIA RS-232E and V.28 specifica- 
tions, and are particularly suited for those applications where 
+12V is not available. They require a single +5V power supply 
(except HIN201 and HIN209) and feature onboard charge 
pump voltage converters which generate +10V and -10V 
supplies from the 5V supply. The family of devices offers a 
wide variety of RS232 transmitter/receiver combinations to 
accommodate various applications (see Selection Table). 

The HIN200, HIN206, HIN211 and HIN213 feature a low 
power shutdown mode to conserve energy in battery 
powered applications. In addition, the HIN213 provides two 
active receivers in shutdown mode allowing for easy 
“wakeup” capability. 

The drivers feature true TTL/CMOS input compatibility, 
slewrate-limited output, and 300Q power-off source 
impedance. The receivers can handle up to ±30V input, and 
have a 3k£2 to 7kQ input impedance. The receivers also 
feature hysteresis to greatly improve noise rejection. 

Applications 

• Any System Requiring RS-232 Communications Port 

- Computer - Portable, Mainframe, Laptops 

- Peripheral - Printers and Terminals 

- Portable Instrumentation 

- Modems 


Selection Table 



PART 

NUMBER 

POWER SUPPLY 
VOLTAGE 


HIN200 

+5V 

HIN201 

+5V and +7.5V to 13.2V 

HIN202 

+5V 

HIN204 

+5V 

HIN206 

+5V 

HIN207 

+5V 


HIN208 

5V 

HIN209 

+5V and +7.5V to 13.2V 

HIN211 

+5V 

HIN213 

(Note) 

+5V 


NUMBER OF NUMBER OF 


RS-232 

DRIVERS 



RECEIVERS COMPONENTS 


4 Capacitors 


2 Capacitors 


4 Capacitors 


4 Capacitors 


4 Capacitors 


4 Capacitors 


4 Capacitors 


2 Capacitors 


4 Capacitors 


4 Capacitors 


LOW POWER 
SH UTDOWN/TTL 
THREE-STATE 


NUMBER OF 
RECEIVERS 
ACTIVE IN 
SHUTDOWN 



NOTE: Available in Q3, CY95 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 ^ „ 
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HIN200 thru HIN213 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HIN200CB 

0°C to +70°C 

20 Lead Plastic SOIC (W) 

HIN200IB 

-40°C to +85°C 

20 Lead Plastic SOIC (W) 

HIN201CB 

0°C to +70°C 

16 Lead Plastic SOIC (W) 

HIN201IB 

-40°C to +85°C 

16 Lead Plastic SOIC (W) 

HIN202CP 

0°C to +70°C 

16 Lead Plastic DIP 

HIN202CB 

0°C to +70°C 

16 Lead Plastic SOIC (W) 

HIN202IP 

-40°C to +85°C 

16 Lead Plastic DIP 

HIN202IB 

-40°C to +85°C 

16 Lead Plastic SOIC (W) 

HIN204CB 

0°C to +70°C 

16 Lead Plastic SOIC (W) 

HIN204IB 

-40°C to +85°C 

16 Lead Plastic SOIC (W) 

HIN206CP 

0°C to +70°C 

24 Lead Plastic DIP (N) 

HIN206CB 

0°C to +70°C 

24 Lead Plastic SOIC (W) 

HIN206CA 

0°C to +70°C 

24 Lead Plastic SSOP 

HIN206IP 

-40°C to +85°C 

24 Lead Plastic DIP (N) 

HIN206IB 

-40°C to +85°C 

24 Lead Plastic SOIC (W) 

HIN206IA 

-40°C to +85°C 

24 Lead Plastic SSOP 

HIN207CP 

0°C to +70°C 

24 Lead Plastic DIP (N) 

HIN207CB 

0°C to +70°C 

24 Lead Plastic SOIC (W) 

HIN207CA 

0°C to +70°C 

24 Lead Plastic SSOP 

HIN207IP 

-40°C to +85°C 

24 Lead Plastic DIP (N) 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HIN207IB 

-40°C to +85°C 

24 Lead Plastic SOIC (W) 

HIN207IA 

-40°C to +85°C 

24 Lead Plastic SSOP 

HIN208CP 

0°C to +70°C 

24 Lead Plastic DIP (N) 

HIN208CB 

0°C to +70°C 

24 Lead Plastic SOIC (W) 

HIN208CA 

0°C to +70°C 

24 Lead Plastic SSOP 

HIN208IP 

-40°C to +85°C 

24 Lead Plastic DIP (N) 

HIN208IB 

-40°C to +85°C 

24 Lead Plastic SOiC (W) 

HIN208IA 

-40°C to +85°C 

24 Lead Plastic SSOP 

HIN209CP 

0°C to +70°C 

24 Lead Plastic DIP (N) 

HIN209CB 

0°C to +70°C 

24 Lead Plastic SOIC (W) 

HIN209IP 

-40°C to +85°C 

24 Lead Plastic DIP (N) 

HIN209IB 

-40°C to +85°C 

24 Lead Plastic SOIC (W) 

HIN211CB 

0°C to +70°C 

28 Lead Plastic SOIC (W) 

HIN211CA 

0°C to +70°C 

28 Lead Plastic SSOP 

HIN211IB 

-40°C to +85°C 

28 Lead Plastic SOIC (W) 

HIN211IA 

-40°C to +85°C 

28 Lead Plastic SSOP 

HIN213CB 

0°C to +70°C 

28 Lead Plastic SOIC (W) 

HIN213CA 

0°C to +70°C 

28 Lead Plastic SSOP 

HIN213IB 

-40°C to +85°C 

28 Lead Plastic SOIC (W) 

HIN213IA 

-40°C to +85°C 

28 Lead Plastic SSOP 


































































































































HIN200 thru HIN213 


Pin Description 


PIN 

FUNCTION 

v cc 

Power Supply Input 5V ±10%. 

v+ 

Internally generated positive supply (+10V nominal), HIN201 and HIN209 requires +7.5V to +13.2V. 

V- 

Internally generated negative supply (-10V nominal). 

GND 

Ground lead. Connect to 0V. 

C1 + 

External capacitor (+ terminal) is connected to this lead. 

Cl- 

External capacitor (- terminal) is connected to this lead. 

C2+ 

External capacitor (+ terminal) is connected to this lead. 

C2- 

External capacitor (- terminal) is connected to this lead. 

Tin 

T ransmitter Inputs. These leads accept TTL/CMOS levels. An internal 400k£2 pull-up resistor to V cc is connected to 
each lead. 

Tout 

Transmitter Outputs. These are RS-232 levels (nominally ±10V). 

Rin 

Receiver Inputs. These inputs accept RS-232 input levels. An internal 5kQ pull-down resistor to GND is connected 
to each input. 

r out 

Receiver Outputs. These are TTL/CMOS levels. 

EN, EN 

Enable input. This is an active low input which enables the receiver outputs. With EN = 5V, (HIN213 EN = 0V), the 
outputs are placed in a high impedance state. 

SD, SD 

Shutdown Input. With SD = 5V (HIN213 SD = 0V), the charge pump is disabled, the receiver outputs are in a high 
impedance state (except R4 and R5 of HI N2 13) and the transmitters are shut off. 

NC 

No Connect. No connections are made to these leads. 
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Specifications HIN200 thru HIN213 


Absolute Maximum Ratings 

V cc to Ground (GND -0.3V) <V CC < 6V Continuous Power Dissipation (T A = 70°C) 


V+ to Ground (V cc -0.3V) <V+ < 12V 16 Lead Plastic DIP 

V- to Ground -12V < V- < (GND +0.3V) (Derate 11 .1mW/°C above 70°C) 888mW 

Input Voltages 24 Lead Plastic DIP (N) 

T, n (V- -0.3V) < V, N < (V+ +0.3V) (Derate 1 3.3mW/°C above 70°C) 1 067mW 

R, n ±30V 16 Lead Plastic SOIC (W) 

Output Voltages (Derate 1 0mW/°C above 70°C) 800mW 

Tout (V- -0.3V) < V TX0U t < (V+ +0.3V) 20 Lead Plastic SOIC (W) 

R out (GND -0.3V) < V RX0UT < (V+ +0.3V) (Derate 1 0mW/°C above 70°C) 800mW 

Short Circuit Duration 24 Lead Plastic SOIC (W) 

Tqut Continuous (Derate 12.5mW/°C above 70°C) lOOOmW 

R OU t Continuous 28 Lead Plastic SOIC (W) 

Lead Temperature (Soldering 10s) +300°C (Derate 13.3mW/°C above 70°C) 1067mW 

(SOIC and SSOP - Lead Tips Only) 24 Lead Plastic SSOP 

ESD Classification Class 1 (Derate 7.4mW/°C above 70°C) 592mW 

28 Lead Plastic SSOP 

(Derate 1 0mW/°C above 70°C) 800mW 

Storage Temperature Range -40°C to +85°C 

Maximum Die Junction Temperature 

Plastic Package +1 50°C 

Operating Temperature Range 

HIN-XXXCX 0°C to +70°C 

HIN-XXXIX -40°C to +85°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions: V cc = +5V ±10%, (V cc = +5V ±5% HIN200 and HIN207), 
T a = Operating Temperature Range 


PARAMETER 


Output Voltage Swing, T out 


Power Supply Current, l cc 


V+ Power Supply Current, l cc 


Shutdown Supply Current, l C c(SD) 


Input Logic Low, T (N , EN, V iL 


Input Logic High, V iH 


Logic Pullup Current, l P 


RS-232 Input Voltage Range, V jN 


Receiver Input Impedance, R| N 


Receiver Input Low Threshold, V iN (H-L) 


TEST CONDITIONS 


Transmitter Outputs, 3kQ to Ground 


HIN202-203 


No Load, 
T a = +25°C 


HIN200, HIN204-208, 
HIN21 1-213 



HIN201 , HIN209 


HIN201 


HIN209 


HIN200, HIN206, HIN211 


HIN213 


T| N , EN, SD, EN, SD 


Tin 


EN, SD, EN, SD 


t, n = ov 


UNITS 


V 


mA 


mA 


mA 


mA 


mA 


pA 



V cc = 5.0V, 
T a = +25°C 


Shutdown Mode 
HIN213R4&R5 
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Specifications HIN200 thru HIN213 


Electrical Specifications Test Conditions: V cc = +5V ±1 0%, (V cc = +5V ±5% HIN200 and HIN207), 
T a = Operating Temperature Range (Continued) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Receiver Input High Threshold, Vj N (L-H) 

V CC = 5.0V, 

T a = +25°C 

Active Mode 

- 

1.7 

2.4 

V 

Shutdown Mode 
HIN213R4&R5 

- 

. 1.5 

2.4 

V 

Receiver Input Hysteresis, V HY st 

No Hysteresis in Shutdown Mode 

0.2 

0.5 

1.0 

V 

TTL/CMOS Receiver Output Voltage Low, V 0L 

•out = 1*6mA 

(HIN201-HIN203, I 0U t = 3.2mA) 

- 

0.1 

0.4 

V 

TTL/CMOS Receiver Output Voltage High, V OH 

Iqut = -1 -0mA (HIN21 3, l 0UT = -200pA) 

3.5 

4.6 

- 

V 

Output Enable Time, t EN 

HIN206, HIN209, HIN211, HIN213 

- 

600 

- 

ns 

Output Disable Time, t D | S 

HIN206, HIN209, HIN211, HIN213 

- 

200 

- 

ns 

Propagation Delay, t PD 

HIN213 SD = 0V, R4, R5 

- 

4.0 

40 

ps 

HIN213 SD = VCC 

- 

0.5 

10 

ps 

HIN200 - HIN211 

- 

0.5 

10 

ps 

Transition Region Slew Rate, SR T 

R l = 3kfl, 

C L = 2500pF 
Measured from 
+3V to -3V or 
-3V to +3V 
(Note 1) 

HIN200, HIN204 to 

HIN21 1 , HIN213 

■ 

3 

30 

V/ps 

HIN201, HIN202 

' 

4.0 

30 

V/ps 

Output Resistance, R 0UT 

V CC = V+ = V- = 0V, V 0UT = ±2V 

300 

- 

- 

Q 

RS-232 Output Short Circuit Current, Isc 

Tqut shorted to GND 

- 

±10 

- 

mA 


NOTE: 

1. Guaranteed by design. 


VOLTAGE DOUBLER VOLTAGE INVERTER 



FIGURE 1. CHARGE PUMP 










































































HIN200 thru HIN213 


Detailed Description 

The HIN200 thru HIN213 family of RS-232 transmitters/receiv- 
ers are powered by a single +5V power supply (except HIN201 
and HIN209), feature low power consumption, and meet all EIA 
RS232C and V.28 specifications. The circuit is divided into 
three sections: the charge pump, transmitter, and receiver. 

Charge Pump 

An equivalent circuit of the charge pump is illustrated in 
Figure 1. The charge pump contains two sections: the 
voltage doubler and the voltage inverter. Each section is 
driven by a two phase, internally generated clock to gener- 
ate +10V and -10V. The nominal clock frequency is 
125kHz. During phase one of the clock, capacitor Cl is 
charged to V cc . During phase two, the voltage on Cl is 
added to V cc , producing a signal across C3 equal to twice 
V cc . During phase two, C2 is also charged to 2 Vq C , and 
then during phase one, it is inverted with respect to ground 
to produce a signal across C4 equal to -2 V cc . The charge 
pump accepts input voltages up to 5.5V. The output 
impedance of the voltage doubler section (V+) is approxi- 
mately 200Q, and the output impedance of the voltage 
inverter section (V-) is approximately 450Q. A typical 
application uses 0.1 pF capacitors for C1-C4, however, the 
value is not critical. Increasing the values of Cl and C2 will 
lower the output impedance of the voltage doubler and 
inverter, increasing the values of the reservoir capacitors, 
C3 and C4, lowers the ripple on the V+ and V- supplies. 

During shutdown_mode (HIN200, HIN206 and HIN211, SD = 
V cc , HIN213, SD = 0V) the charge pump is turned off, V+ is 
pulled down to V cc , V- is pulled up to GND, and the supply 
current is reduced to less than lOpA. The transmitter outputs 
are disabled and the receiver outputs (except for HIN213, R4 
and R5) are placed in the high impedance state. 

Transmitters 

The transmitters are TTUCMOS compatible inverters which 
translate the inputs to RS-232 outputs. The input logic thresh- 
old is about 26% of V cc , or 1 .3V for V cc = 5V. A logic 1 at the 
input results in a voltage of between -5V and V- at the output, 
and a logic 0 results in a voltage between +5V and (V+ -0.6V). 
Each transmitter input has an internal 400kQ pullup resistor 
so any unused input can be left unconnected and its output 
remains in its low state. The output voltage swing meets the 
RS-232C specifications of ±5V minimum with the worst case 
conditions of: all transmitters driving 3kft minimum load 
impedance, V cc = 4.5V, and maximum allowable operating 
temperature. The transmitters have an internally limited out- 
put slew rate which is less than 30V/ps. The outputs are short 
circuit protected and can be shorted to ground indefinitely. 
The powered down output impedance is a minimum of 300Q 
with ±2V applied to the outputs and V cc = 0V. 

Receivers 

The receiver inputs accept up to +30V while presenting the 
required 3kQ to 7kft input impedance even if the power is off 
(Vqq = 0V). The receivers have a typical input threshold of 
1.3V which is within the ±3V limits, known as the transition 


region, of the RS-232 specifications. The receiver output is 
0V to V cc . The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis (except during shutdown) to improve noise rejec- 
tion. The receiver Enable line (EN, on HIN206, HIN209, and 
HIN211, EN on HIN213) when unasserted, disables the 
receiver outputs, placing them in the high impedance mode. 
The receiver outputs are also placed in the high impedance 
state when in shutdown mode (except HIN213 R4 and R5). 


GND < Tv,«j < V, 



V-<V TOUT <V + 


FIGURE 2. TRANSMITTER 


-30V < Rvin < +30V 



FIGURE 3. RECEIVER 



AVERAGE PROPAGATION DELAY = 

FIGURE 4. PROPAGATION DELAY DEFINITION 

HIN213 Operation in Shutdown 

The HIN213 features two receivers, R4 and R5, which 
remain active in shutdown mode. During normal operation 
the receivers propagation delay is typically 0.5ps. This prop- 
agation delay increases to 4ps (typical) during shutdown. 
When entering shut down mode, receivers R4 and R5 are 
not valid for 80ps after SD = V| L . When exiting shutdown 
mode, all receiver outputs will be invalid until the charge 
pump circuitry reaches normal operating voltage. This is typ- 
ically less than 2ms when using 0.1 pF capacitors. 
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HIN200 thru HIN213 



FIGURE 5. V- SUPPLY VOLTAGE vs V cc 


Test Circuits (HIN-202) 


V 

C1 + 

jr 

V C c 

v+ 

GND 

Cl- 

T1 OUT 

C2+ 

r 1in 

C2- 

RIout 

V- 

T1,n 

T2 0 ut 

T2 1n 

R2,n 

R2 out 


+4.5V TO 
1 +5.5V INPUT 


J 3kft 

1 Vv\ — n 

U-TI OUTPUT ■= 
:RS-232±30V INPUT 

► TTL/CMOS OUTPUT 
C TTL/CMOS INPUT 

: TTL/CMOS INPUT 

► TTL/CMOS OUTPUT 


V 

C1 + 

J 

Vcc 

v+ 

GND 

Cl- 

T1 0 ut 

C2+ 

RIin 

C2- 

RIout 

V- 

T1, n 

T2 OUT 

T2, n 

R2 in 

R2qut 


R OUT = V IN /( T2 OUT ^ 
T1 OUT « 

-l v jN = ±2v hti- 


RS-232 s 
±30V INPUT 


FIGURE 7. GENERAL TEST CIRCUIT 


FIGURE 8. POWER-OFF SOURCE RESISTANCE CONFIGURATION 
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HIN200 thru HIN213 









HIN200 thru HIN213 


Die Characteristics 

DIE DIMENSIONS: 

160x 140 mils 
METALLIZATION: 

Type: Al 

Thickness: T0kA±1kA 
GLASSIVATION: 

Type: Nitride over Siiox 
Nitride Thickness: 8kA 
Siiox Thickness: 7kA 
TRANSISTOR COUNT: 238 
PROCESS: CMOS Metal Gate 
SUBSTRATE POTENTIAL: V+ 

Metallization Mask Layout 

HIN211 


SHD EN R4(n R4 0 ut T4jn T3|n R5qut r 5|n 



r 2 out T2 in t1 in r1 out r1 in gnd 
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SEMICONDUCTOR 


DG401, DG403, 
DG405 


July 1995 


Monolithic CMOS Analog Switches 


Features 

• ON-Resistance <35Q 

• Low Power Consumption 
(P D <35nW) 

• Fast Switching Action 

- t 0N <150ns 

- toFF <100ns 

• Low Charge Injection 

• DG401 Dual SPST; Same Pinout as 
HI-5041 

• DG403 Dual SPDT; DG190, IH5043, 
IH5151, HI-5051 

• DG405 Dual DPST; DG184, HI-5045, 
IH5145 

• TTL, CMOS Compatible 

• Single or Split Supply Operation 

Applications 

• Audio Switching 

• Battery Operated Systems 

• Data Acquisition 

• Hi-Rel Systems 

• Sample and Hold Circuits 

• Communication Systems 

• Automatic Test Equipment 


Description 

The DG401, DG403 and DG405 monolithic CMOS analog switches have TTL and 
CMOS compatible digital inputs. 

These switches feature low analog ON resistance (<35Q) and fast switch time 
(t 0 N < 150ns). Low charge injection simplifies sample and hold applications. 

The improvements in the DG40 1/403/405 series are made possible by using a high voltage 
silicon-gate process. An epitaxial layer prevents the latch-up associated with older CMOS 
technologies. The 44V maximum voltage range permits controlling 30V peak-to-peak sig- 
nals. Power supplies may be single-ended from +5V to +34V, or split from ±5V to ±1 7V. 

The analog switches are bilateral, equally matched for AC or bidirectional signals. 
The ON resistance variation with analog signals is quite low over a ±15V analog 
input range. The three different devices provide the equivalent of two SPST 
(DG401), two SPDT (DG403) or two DPST (DG405) relay switch contacts with 
CMOS or TTL level activation. The pinout is similar, permitting a standard layout to 
be used, choosing the switch function as needed. 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

DG401 AK/883 (Note 2) -55°C to +125°C 16 Lead CerDIP 

DG401DJ -40°C to +85°C 16 Lead Plastic DIP 

DG401DY -40°C to +85°C 16 Lead Plastic SOIC (N) 

DG401EJ (Note 1) -40°C to +85°C 16 Lead Plastic DIP 

DG401EY (Note 1 ) -40°C to +85°C 16 Lead Plastic SOIC (N) 

DG403AK/883 (Note 2) -55°C to+125°C 16 Lead CerDIP DIP 

DG403DJ -40°C to +85°C 16 Lead Plastic DIP 

DG403DY -40°C to +85°C 16 Lead Plastic SOIC (N) 

DG403EJ (Note 1) -40°C to +85°C 16 Lead Plastic DIP 

DG403EY (Note 1) -40°C to +85°C 16 Lead Plastic SOIC (N) 

DG405AK/883 (Note 2) -55°C to+125°C 16 Lead CerDIP 

DG405DJ -40°C to +85°C 16 Lead Plastic DIP 

DG405DY -40°C to +85°C 16 Lead Plastic SOIC (N) 

DG405EJ (Note 1) -40°C to +85°C 16 Lead Plastic DIP 

DG405EY (Note 1) -40°C to +85°C 16 Lead Plastic SOIC (N) 


Pinouts 


DG401 (CDIP, PDIP, SOIC) 
TOP VIEW 



(NC) NO CONNECTION 


1 . Extended Processing Flow. 

2. Refer to Military data sheet for complete specifications. 


DG403, DG405 (CDIP, PDIP, SOIC) 

TOP VIEW 

Di |T U Te| s t 
nc [T ?U ,N 1 

d 3 [T 14| V- 

s 3 [7 iU GND 

S 4 |T 12| V L 

D 4 [6 iTj V+ 

nc (T io] in 2 

d 2 H 3 s 2 

(NC) NO CONNECTION 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 _ _ 
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DG401, DG403, DG405 



Truth Table 


LOGIC 

DG401 

DG403 

DG405 

SWITCH 

SWITCH 1,2 

SWITCH 3, 4 

SWITCH 

0 

OFF 

OFF 

ON 

OFF 

1 

ON 

ON 

OFF 

ON 


NOTE: Logic '0" <0.8V. Logic “1" >2.4V. 
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Specifications DG401, DG403, DG405 


Absolute Maximum Ratings 

V+toV- +44. OV 

GNDtoV- 25V 

VL (GND - 0.3V) to (VC+) +0.3V 

Digital Inputs (Note 1), V s , V D (V-) -2V to (V+) + 2 V or 30mA, 

Whichever Occurs First 

Continuous (Any Terminal) Current, (Note 1) ±30mA 

Peak Current, S or D (Note 1) ±100mA 

(Pulsed 1ms, 10% Duty Cycle) 

Storage Temperature Range (D and E Suffix) .... -65°C to +125°C 


Thermal Information 


Thermal Resistance (Note 2) 0 JA 

Plastic DIP Package 90°CA N 

SOIC Package 115°C/W 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

Operating Temperature (D and E Suffix) -40°C to +85°C 

Junction Temperature (PDIP, SOIC) +150°C 


CAUTION: Stresses above those listed In "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 




Operating Voltage Range 

Operating Temperature Range 

Input Low Voltage 

+20 V Max 

-55°C to +125°C 

0.8V Max 

Input High Voltage 

Input Rise and Fall Time 

2.4V Min 

20ns 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, V, N = 2.4V, 0.8V, V L = 5V (Note 3), 
Unless Otherwise Specified 


PARAMETER 

TEST CONDITION 

(NOTE 4) 

TEMP 

D SUFFIX -40°C TO +85°C 

UNITS 

(NOTE 5) 

MIN 

(NOTE 6) 

TYP 

(NOTE 5) 

MAX 

DYNAMIC CHARACTERISTICS 

Turn-ON Time, t 0 N 

R L = 300Q, C L = 35pF 

Room 

- 

100 

150 

ns 

Turn-OFF Time, to FF 

Room 

- 

60 

100 

ns 

Break-Before-Make, Time Delay (DG403), t D 

R L = 300C2, C L = 35pF 

Room 

5 

12 

- 

ns 

Charge Injection, Q 

C L = 1O,000pF, V GEN = 0V, 

Rqen = on 

Room 

■ 

60 

- 

pC 

OFF Isolation Reject Ratio, OIRR 

R L = 100n, C L = 5pF, f = 1MHz 

Room 


72 

- 

dB 

Crosstalk (Channel-to-Channel), CCRR 

R L =100n, C L = 5pF, f= 1MHz 

Room 


90 

- 

dB 

Source OFF Capacitance, C S (off) 

f= 1MHz, V s = 0V 

Room 


12 

- 

PF 

Drain OFF Capacitance, C D ( 0FF ) 

f= 1MHz, V s = 0 V 

Room 


12 

- 

PF 

Channel ON Capacitance, C D(0 n) + C S (on) 

f= 1MHz, V s = 0V 

Room 


39 

- 

PF 

ANALOG SWITCH 

Analog Signal Range, V ANALO g 


Full 

-15 

- 

15 

V 

Drain-Source ON Resistance, r DS ( ON ) 

V+= 13.5V, V- = -13.5V, 
l s = -10mA, V D = ±10V 

Room 

- 

20 

45 

Q 

Full 

- 

- 

55 

n 

Drain-Source ON Resistance, Ar DS(0 N) 

V+ = 16.5V, V- = -16.5V, 
l s = -10mA, V D = 5, 0, -5V 

Room 

- 

3 

3 

n 

Full 

- 

- 

5 

Q 

Switch OFF Leakage Current, Is(off) 

V+ = 16.5V, V- = -16.5 

V D = ±15.5V, V s = + 15.5V 

Room 

-0.5 

-0.01 

0.5 

nA 

Full 

-5 

' - 

5 

nA 

Switch OFF Leakage Current, Id(off) 

V+= 16.5V, V- = -16.5V, 

V D = ±15.5V, V s = + 15.5V 

Room 

-0.5 

-0.01 

0.5 

nA 

Full 

-5 

- 

5 

nA 

Channel ON Leakage Current, Id(on) 

V+ = ±1 6.5V, V D = V s = ±1 5.5V 

Room 

-1 

-0.04 

1 

nA 


Full 


-10 


10 


nA 






















































































































Specifications DG401, DG403, DG405 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, V, N = 2.4V, 0.8V, V L = 5V (Note 3), 
Unless Otherwise Specified (Continued) 


PARAMETER 

TEST CONDITION 

(NOTE 4) 

TEMP 

D SUFFIX -40°C TO +85°C 

UNITS 

(NOTE 5) 

MIN 

(NOTE 6) 

TYP 

(NOTE 5) 

MAX 

DIGITAL CONTROL 

Input Current with V )N Low, l )L 

V| N Under Test = 0.8V, 

All Others = 2.4V 

Full 

-1 

0.005 

1 

pA 

Input Current with V )N High, l jH 

V| N Under Test = 2.4V, 

All Others = 0.8V 

Full 

-1 

0.005 

1 

pA 

POWER SUPPLIES 

Positive Supply Current, 1+ 

V+= 16.5V, V- = -16.5V, 

V )N = 0V or 5V 

Room 

- 

0.01 

1 

pA 

Full 

• 

- 

5 

pA 

Negative Supply Current, 1- 

Room 

-1 

-0.01 

- 

pA 

Full 

-5 

- 

- 

pA 

Logic Supply Current, l L 

Room 

- 

0.01 

1 

pA 

Full 

- 

- 

5 

pA 

Ground Current, l GND 

Room 

-1 

-0.01 

- 

pA 

Full 

-5 

- 

- 

pA 


NOTES: 

1 . Signals on S x , D x , or IN X exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 

2. All leads soldered to PC Board. 

3. V| N = input voltage to perform proper function. 

4. Hot = as determined by the operating temperature suffix. 

5. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet. 

6. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing. 

7. Guaranteed by design, not subject to production test. 



FIGURE 1. INPUT SWITCHING THRESHOLD vs LOGIC 
SUPPLY VOLTAGE 


FIGURE 2. INPUT SWITCHING THRESHOLD vs 
POWER SUPPLY VOLTAGE 
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DG401, DG403, DG405 


Typical Performance Curves (continued) 



FIGURE 9. I D (off) vsTEMPERATURE 



-20 -15 -10 -5 0 5 10 15 20 

V S ,V D (V) 

FIGURE 11. LEAKAGE CURRENT vs ANALOG VOLTAGE 



BREAK-BEFORE-MAKE TIME (ns) 


FIGURE 13. BREAK-BEFORE-MAKE vs ANALOG VOLTAGE 





0 5 10 15 20 25 


POSITIVE/NEGATIVE SUPPLIES(V) 

FIGURE 14. BREAK-BEFORE-MAKE vs POWER 
SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 



& 

o 90 


, 1 2 3 4 5 6 -55 -35 -15 5 25 45 65 85 105 125 

V| N (V) TEMPERATURE (°C) 

SWITCHING TIME vs INPUT LOGIC VOLTAGE (V, N ) FIGURE 16. SWITCHING TIME vs TEMPERATURE (NOTE 1) 
(NOTE 1) 



— 1 — 

< < < 

1- • + 

II 11 II 

15V 

15V 

5V 
















tQN. V S = 10V 



V+ 

= 15V 


v- = 
V L 

-15 V ” 
= 5V 

















t OFF ,v s = -iov 


FIGURE 17. SWITCHING TIME vs ANALOG VOLTAGE (NOTE 1) FIGURE 18. SWITCHING TIME vs INPUT LOGIC VOLTAGE (V, N ) 

(NOTE 1) 




-55 -35 -15 5 25 45 65. 85 105 125 

TEMPERATURE (°C) 

FIGURE 19. SWITCHING TIME vs TEMPERATURE (NOTE 1) 


* uu V s = 5V 
180 ■ tQN 

160 • V S = -5V- 
tON 

140 

V s = 5V 

120 ■ t 0FF - 



V, =5V y 


/ 






0 5 10 15 20 25 

POSITIVE/NEGATIVE SUPPLIES (V) 

FIGURE 20. SWITCHING TIME vs POWER SUPPLY VOLTAGE 
(NOTE 1) 
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DG401, DG403, DG405 


Typical Performance Curves (continued) 



POSITIVE SUPPLIES (V) 


FIGURE 21 . SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE 
(NOTE 1) 



FIGURE 22. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE 
(NOTE 1) 



0 5 10 15 20 25 


POSITIVE SUPPLIES (V) 

FIGURE 23. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE 
(NOTE 1) 

NOTE: 

1 . Refer to Figure 1 for test conditions. 



0 5 10 15 20 25 

POSITIVE SUPPLIES (V) 


FIGURE 24. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE 
(NOTE 1) 






DG401, DG403, DG405 


Test Circuits 


t R < 20ns 
t F < 20ns 



SWITCH ■■■ ■■ — *o 

INPUT -Ve 

(NOTE 2) b 

NOTES: 

1 . Logic input waveform is inverted for switches that have the 
opposite logic sense. 

2. Vg = 1 0V for tQN , Vg ss -1 OV for toFF. 

FIGURE 25A. 


5V +15V 

0 a Rl = 3000 

r L | V+T C L = 35pF 


SWITCH Si ■ 
INPUT 1 


LOGIC M | , I S T L 

“"'I x- F 1 I 

OV -15 V 

Repeat test for IN 2 and S 2 

For load conditions, see Specifications. C L (includes fixture 
and stray capacitance) 

R L 

v o = v s K~Tr 

H L + r DS(ON) 


FIGURE 25B. 


FIGURE 25. SWITCHING TIME 


5 V +15V 




V S1 = 
V S 2 = 



C L (includes fixture and stray capacitance) 


FIGURE 26A. 


FIGURE 26B. 


FIGURE 26. BREAK-BEFORE-MAKE 


5V +15V 

J 4 



OV -15V 

FIGURE 27A. 



Q = AVq x Cj_ 

FIGURE 27B. 


FIGURE 27. CHARGE INJECTION 
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Test Circuits (Continued) 


SIGNAL 

GENERATOR 


q +15V +5V q 

^ 



INv I OV, 2.4V 


SIGNAL 

GENERATOR 


o +15V +5V q 

JrS M 



IN X I OV, 2.4V 


FIGURE 28. OFF ISOLATION 


FIGURE 29. INSERTION LOSS 


J +15V +5V o 




SIGNAL 

GENERATOR 


0V.2.4VW I IN-j 


IN 2 I OV, 2.4V 


V D2 ' V S2 


1 1 1 - 

FIGURE 30. CROSSTALK 


IMPEDANCE 

ANALYZER 


C V+ 

x 11 - 


* +15V +5V 



v s 

< 


< 

V D 


1 


FIGURE 31. CAPACITANCES 


Dual Slope Integrators 


Peak Detector 


The DG403 is well suited to configure a selectable slope A 3 acting as a comparator provides the logic drive for oper- 
integrator. One control signal selects the timing capacitor C ^ ating SW^ the output of A 2 is fed back to A 3 and compared 
or C 2 . Another one selects e !N or discharges the capacitor in to the analog input e tN . If e (N > eouT the output of A 3 is high 


preparation for the next integration cycle. 


INTEGRATE/ , 
RESET 


+5V 

+15V TTT | 

U 

T* 


Sl o^c 

D 1 

L 

83 i L | 

° 2 


i 

i 

IN-i 1 



- — — — J 


Ci 

Sz o^c 

o 3 

-4 1— 

S 4 ! 

D 4 

- 

—II— 

in 2 ! 


ir 

C 2 


DG403 



I / DG403 

SCOPE I GND I v- 

SELECT -i 6 

-15V 


keeping SW-| closed. This allows C ^ to charge up to the ana- 
log input voltage. When e tN goes below eouT of A 3 goes 
negative, turning SW-, off. the system will therefore store the 
most positive analog input experienced. 



FIGURE 32. DUAL SLOPE INTEGRATOR 


FIGURE 33. POSITIVE PEAK DETECTOR 


7-12 








SIGNAL PROCESSING 
NEW RELEASES 


8 


VIDEO SWITCHES 


VIDEO SWITCH DATA SHEETS 


HA4314, HA4314A 
HA4344B 

HA4404, HA4404A 


Wideband, 1 x 1 Video Crosspoint Switch with Tally Output 8-3 

Wideband, 4 x 1 Video Crosspoint Switch 8-10 

Wideband, 4 x 1 Video Crosspoint Switch with Synchronous Controls 8-18 

Wideband, 4 x 1 Video Crosspoint Switch with Tally Outputs 8-21 

Wideband, Video Buffer with Output Disable 8-29 
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Features 

• Low Power Dissipation 105mW 

• Symmetrical Slew Rates 1700V/|ns 

• 0.1 dB Gain Flatness 250MHz 

• Off Isolation (100MHz) 85dB 

• Differential Gain 0.01% 

• Differential Phase 0.01 Degrees 

• High ESD Rating >2000V 

• TTL Compatible Enable Input 

• Open Collector Tally Output 

• Improved Replacement for GX4201 


Description 

The HA4201 is a very wide bandwidth 1 x 1 crosspoint 
switch ideal for professional video switching, HDTV, com- 
puter monitor routing, and other high performance applica- 
tions. The circuit features very low power dissipation 
(105mW Enabled, ImW Disabled), excellent differential gain 
and phase, and very high off isolation. When disabled, the 
output is switched to a high impedance state, making the 
HA4201 ideal for routing matrix equipment. 

The HA4201 requires no external current source, and fea- 
tures fast switching and symmetric slew rates. The tally out- 
put is an open collector PNP transistor to V cc , and is 
activated whenever EN = 1 to provide an indication of cross- 
point selection. 

For applications which don’t require a Tally output, please 
refer to the HA4600 data sheet. 


Applications 

• Professional Video Switching and Routing 

• Video Multiplexers 

• HDTV 

• Computer Graphics 

• RF Switching and Routing 

• PCM Data Routing 


Ordering Information 


Pinout 


HA4201 
(PDIP, SOIC) 
TOP VIEW 



6j NC 
il TALLY 


PART 

NUMBER 

HA4201CP 

HA4201CB 


TEMPERATURE 

RANGE 

0°C to +70°C 

0°C to +70°C 


Truth Table 


PACKAGE 

8 Lead Plastic DIP 
8 Lead Plastic SOIC (N) 


EN 

OUT 

TALLY 

0 

High Z 

Off 

1 

Active 

On 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 _ 
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Specifications HA4201 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 12V Operating Temperature Range 

Input Voltage Vsupply HA4201C 

Digital Input Current (Note 2) ±25mA Storage Temperature , 

Analog Input Current (Note 2) ±5mA Thermal Package Characteristics 

Output Current 20mA Plastic DIP Package 

Junction Temperature (Die Only) +175°C SOIC Package 

Junction Temperature (Plastic Package) +1 50°C 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


. . . 0°C < T A < +70°C 
-65°C < T A < +150°C 

e JA 

1 30°C/W 

170°C/W 


only rating and operation 


Electrical Specifications V SUPPLY = ±5V, R l = lOkft, V EN = 2.0V, Unless Otherwise Specified 


PARAMETER 


DC SUPPLY CHARACTERISTICS 


ANALOG DC CHARACTERISTICS 


Output Voltage Swing without Clipping 
( v out = V|n ± V| 0 ± 20mV) 


Output Current 


Input Bias Current 


Output Offset Voltage 


Output Offset Voltage Drift (Note 1 ) 


SWITCHING CHARACTERISTICS 


TEMPERATURE 


Supply Voltage 

Full 

Supply Current (V 0UT = 0 V) V EN = 2.0V 

+25°C, +70°C 

V EN = 2.0V 

0°C 

V EN = 0.8V 

+25°C, +70°C 

V EN = 0.8V 

0°C 


+25°C, +70°C 


0°C 


Full 


Full 


+25°C 


Full 


Turn-On Time 

+25°C 

Turn-Off Time 

+25°C 

DIGITAL DC CHARACTERISTICS 

Input Logic High Voltage 

Full 

Input Logic Low Voltage 

Full 

EN Input Current (V EN = 0 to 4V) 

Full 

Tally Output High Voltage (l 0H = 1mA) 

Full 

Tally Off Leakage Current (V TALLY = 0V, -5V) 

Full 

AC CHARACTERISTICS 

Insertion Loss (±1V) 

Full 

-3dB Bandwidth R s = 82£2, C L = 1 0pF 


R S = 43Q, C L = 15pF 

+25°C 

R s = 36Q, C L = 21pF 

+25°C 

±0.1 dB Flat Bandwidth R s = 82Q, C L = lOpF 

+25°C 

R S = 43Q, C L = 15pF 

+25°C 

R s = 36Q, C L = 21 pF 

+25°C 

Input Resistance 

Full 

Input Capacitance 

Full 


HA4201C 


































































































































Specifications HA4201 


Electrical Specifications V SUPPLY = ±5V, R l = 10k£2, V EN = 2.0V, Unless Otherwise Specified (Continued) 


PARAMETER 

TEMPERATURE 

HA4201C 

UNITS 

MIN 

TYP 

MAX 

Enabled Output Resistance 

Full 

- 

15 

- 

LI 

Disabled Output Capacitance (V E n = 0.8V) 

Full 

- 

2.0 


pF 

Differential Gain (4.43MHz, Note 1) 

+25°C 

- 

0.01 

0.02 

% 

Differential Phase (4.43MHz, Note 1) 

+25°C 


0.01 

0.02 

Degrees 

Off Isolation (1V P . P , 100MHz, V EN = 0.8V, R L = 1012) 

Full 

- 

85 


dB 

Slew Rate (1 ,5V P . P , +SR/-SR) R s = 8212, C L = lOpF 

+25°C 

- 

1750/1770 

- 

V/ps 

R s = 43£2, C L = 15pF 

+25°C 

- 

1460/1360 

- 

V/ps 

R s = 36£2, C L = 21 pF 

+25°C 

- 

1410/1360 

- 

V/ps 

Total Harmonic Distortion (Note 1) 

Full 

- 

0.01 

0.1 

% 

Disabled Output Resistance 

Full 

- 

12 


M£2 


NOTES: 


1. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

2. If an input signal is applied before the supplies are powered up, the input current must be limited to these maximum values. 


AC Test Circuit 



NOTE: C L = C x + Test Fixture Capacitance. 


PC Board Layout 

The frequency response of this circuit depends greatly on 
the care taken in designing the PC board. The use of low 

inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (IOjjiF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 

Application Information 

General 

The FIA4201 is a 1 x 1 crosspoint switch that is ideal for the 
matrix element in small, high input-to-output isolation switch- 
ers and routers. It also excels as an input buffer for routers 
with a large number of outputs (i.e. each input must connect 
to a large number of outputs) and delivers performance 
superior to most video amplifiers at a fraction of the cost. As 
an input buffer, the HA4201’s low input capacitance and high 
input resistance provide excellent video terminations when 


used with an external 75 LI resistor. This crosspoint contains 
no feedback or gain setting resistors, so the output is a true 
high impedance load when the 1C is disabled (EN = 0). 

Frequency Response 

Most applications utilizing the HA4201 require a series out- 
put resistor, R s , to tune the response for the specific load 
capacitance, C L , driven. Bandwidth and slew rate degrade 
as C L increases (as shown in the Electrical Specification 
table), so give careful consideration to component place- 
ment to minimize trace length. As an example, -3dB band- 
width decreases to 1 60MHz for C L = 1 0OpF, R s = Oil In big 
matrix configurations where C E is large, better frequency 
response is obtained by cascading two levels of crosspoints 
in the case of multiplexed outputs (see Figure 2), or distribut- 
ing the load between two drivers if C L is due to bussing and 
subsequent stage input capacitance. 

Control Signals 

EN - The ENABLE input is a TTL/CMOS compatible, active 
high input. When driven low this input forces the output to a 
true high impedance state and reduces the power dissipa- 
tion by two orders of magnitude. The EN input has no on- 
chip pull-up resistor, so it must be connected to a logic high 
(recommend V+) if the enable function isn’t utilized. 

Tally -The Tally output is an open collector PNP transistor 
connected to V+. When EN=1, the PNP transistor is 
enabled and current is delivered to the load. When the cros- 
spoint is disabled, the Tally output presents a very high 
impedance to the external circuitry. Several Tally outputs 
may be wire OR’d together to generate complex control sig- 
nals, as shown with the HA4404 in the application circuits 
below. The Tally load may be terminated to GND or to V- as 
long as the continuous output current doesn’t exceed 3mA 
(6mA at 50% duty cycle, etc.). 


8-5 






















































HA4201 


Switcher/Router Applications 

Figure 1 illustrates one possible implementation of a wide- 
band, low power, 4x4 switcher/router. A 4 x 4 switcher/ 
router allows any of the four outputs to be driven by any one 
of the four inputs (e.g. each of the four inputs may connect to 
a different output, or an input may connect to multiple out- 
puts). This application utilizes the HA4201 for the input 
buffer, the HA4404 (4 x 1 crosspoint switch) as the switch 
matrix, and the HFA1112 (programmable gain buffer) as the 
gain of two output driver. Figure 2 details a 16 x 1 switcher 
(basically a 16:1 mux) which uses the HA4201 in a cas- 
caded stage configuration to minimize capacitive loading at 
each output node, thus increasing system bandwidth. 

Power Up Considerations 

No signals should be applied to the analog or digital inputs 
before the power supplies are activated. Latch-up may occur 
if the inputs are driven at the time of power up. To prevent 
latch-up, the input currents during power up must not exceed 
the values listed in the Absolute Maximum Ratings. 


Harris’ Crosspoint Family 

Harris offers a variety of 1 x 1 and 4 x 1 crosspoint switches. 
In addition to the HA4201, the 1 x 1 family includes the 
HA4600 which is an essentially similar device but without the 
Tally output. The 4 x 1 family is comprised of the HA4314, 
HA4404, and HA4344. The HA4314 is a 14 lead basic 4 x 1 
crosspoint. The HA4404 is a 16 lead device with Tally out- 
puts to indicate the selected channel. The HA4344 is a 1 6 
lead crosspoint with synchronized control lines (AO, A1 , CS). 
With synchronization, the control information for the next 
channel switch can be loaded into the crosspoint without 
affecting the current state. On a subsequent clock edge the 
stored control state effects the desired channel switch. 


INPUT BUFFERS SWITCH MATRIX 



FIGURE 1.4x4 SWITCHER/ROUTER APPLICATION 












HA4201 


SWITCHING MATRIX ISOLATION MUX 


OUTPUT BUFFER 


SOURCEO 

♦ 

SOURCE3 


SOURCE8 

♦ 

♦ 

SOURCE11 



FIGURE 2. 16x1 SWITCHER APPLICATION 
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Die Characteristics 

DIE DIMENSIONS: 

54 x 39 x 1 9 ± 1 mils 
1 380pm x 1 000pm x 483|um ±25. 4pm 

METALLIZATION: 

Type: Metal 1: AlCu (1 %)/TiW Type: Metal 2: AlCu (1%) 
Thickness: Metal 1 : 6kA ± 0.8kA Thickness: Metal 2: 1 6kA ±1.1 kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

TRANSISTOR COUNT: 53 

SUBSTRATE POTENTIAL (Powered Up): V- 

Metaliization Mask Layout 

HA4201 
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July 1995 


Wideband, 4x1 Video 
Crosspoint Switch 


Features 

• Low Power Dissipation 105mW 

• Symmetrical Slew Rates 1400V/ps 

• O.ldB Gain Flatness 100MHz 

• -3dB Bandwidth 400MHz 

• Off Isolation (100MHz) 70dB 

• Crosstalk Rejection (30MHz) 80dB 

• Differential Gain and Phase 0.01%/0.01 Degrees 

• High ESD Rating >2000V 

• TTL Compatible Control Inputs 

• Improved Replacement for GX4314 and GX4314L 

Applications 

• Professional Video Switching and Routing 

• HDTV 

• Computer Graphics 

• RF Switching and Routing 

• PCM Data Routing 


Description 

The HA4314 is a very wide bandwidth 4 x 1 crosspoint 
switch ideal for professional video switching, HDTV, com- 
puter monitor routing, and other high performance applica- 
tions. The circuit features very low power dissipation 
(105mW Enabled, 4mW Disabled), excellent differential gain 
and phase, and very high off isolation. When disabled, the 
output is switched to a high impedance state, making the 
HA4314 ideal for routing matrix equipment. 

The HA4314 requires no external current source, and fea- 
tures fast switching and symmetric slew rates. 

The only difference between the HA4314 and HA4314A is 
that the A grade part has lower disabled output capacitance. 

For a 4 x 1 crosspoint with Tally outputs (channel indicators) 
or with synchronous control signals, please refer to the 
HA4404A and HA4344A data sheets, respectively. 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA4314CB 0°C to +70°C 1 4 Lead Plastic SOIC (N) 

HA4314ACP 0°C to +70°C 14 Lead Plastic DIP 

HA4314ACB 0°C to +70°C 14 Lead Plastic SOIC (N) 


Pinout 



HA4314, HA4314A 


(PDIP, SOIC) 



TOP VIEW 


INO [7 


14] V+ 

GND [F 


13] AO 

INI [7 


12] A1 

GND |T 


7] CS 

IN2 [7 


10] OUT 

GND [7 


3 NC 

IN3 [7 


7 ] V- 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1 995 d i n 
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Specifications HA4314, HA4314A 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 12V Operating Temperature Range 

Input Voltage V SUPPLY HA4314C, HA4314AC 0°C < T A < +70°C 

Digital Input Current (Note 2) ±25mA Storage Temperature -65°C < T A < +150°C 

Analog Input Current (Note 2) ±5mA Thermal Package Characteristics (°CA/V) B JA 

Output Current 20mA Plastic DIP Package 100 

Junction Temperature (Die Only) +175°C SOI C Package 120 

Junction Temperature (Plastic Package) +150°C 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SUPPLY = ±5V, R L = 10 ka, Vcs = 0.8 V, Unless Otherwise Specified 


(NOTE 3) 

TEMPERATURE 


HA4314C, HA4314AC 


DC SUPPLY CHARACTERISTICS 


Supply Voltage 


Supply Current (V 0 ut = 0V) 


+25°C, +70°C 


ANALOG DC CHARACTERISTICS 


+25°C, +70°C 


Output Voltage Swing without Clipping 
(Vout = V|n - V| 0 ±20mV) 


+25°C, +70°C 


Output Current 


Input Bias Current 


Output Offset Voltage 


Output Offset Voltage Drift (Note 1) 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Turn-Off Time 


Output Glitch During Switching 


DIGITAL DC CHARACTERISTICS 


Input Logic High Voltage 


Input Logic Low Voltage 


Input Current (0V to 4V) 


AC CHARACTERISTICS 


Insertion Loss (±1V) 


Channel-to-Channel Insertion Loss Match 


3dB Bandwidth 


50a C L = lOpF 


20U C, = 20pF 


R s = 16 a C L = 36pF 


13 LI C[_ = 49pF 
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Specifications HA4314, HA4314A 


Electrical Specifications V S upply - ±sv, R|_ = 1 0ktl, Vcs = 0.8V, Unless Otherwise Specified (Continued) 



Total Harmonic Distortion (10MHz, R[_ = Ikn, Note 1) 


Disabled Output Resistance (Vqs = 2.0V) 


1. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

2. If an input signal is applied before the supplies are powered up, the input current must be limited to these maximum values. 

3. Units are 100% tested at +25°C, Sample tested at +70°C, Guaranteed but not tested at 0°C. 


AC Test Circuit 

500 Cl 



NOTE: 

1 . C L = C x + Test Fixture Capacitance. 

PC Board Layout 

The frequency response of this circuit depends greatly on 
the care taken in designing the PC board. The use of low 

inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 

Application Information 

General 

The HA4314 is a 4 x 1 crosspoint switch that is ideal for the 
matrix element of high performance switchers and routers. 
This crosspoint’s low input capacitance and high input resis- 
tance provide excellent video terminations when used with 
an external 75 Q. resistor. Nevertheless, if several HA4314 
inputs are connected together, the use of an input buffer 
should be considered (see Figure 1). This crosspoint con- 
tains no feedback or gain setting resistors, so the output is a 
true high impedance load when the 1C is disabled (CS = 1). 
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HA4314, HA4314A 


Ground Connections 

All GND pins are connected to a common point on the die, 
so any one of them will suffice as the functional GND con- 
nection. For the best isolation and crosstalk rejection, how- 
ever, all GND pins must connect to the GND plane. 

Frequency Response 

Most applications utilizing the HA4314 require a series out- 
put resistor, R s , to tune the response for the specific load 
capacitance, C[_, driven. Bandwidth and slew rate degrade 
as C L increases (as shown in the Electrical Specification 
table), so give careful consideration to component place- 
ment to minimize trace length. In big matrix configurations 
where C L is large, better frequency response is obtained by 
cascading two levels of crosspoints in the case of multi- 
plexed outputs (see Figure 2), or distributing the load 
between two drivers if C L is due to bussing and subsequent 
stage input capacitance. 

Control Signals 

CS - This is a TTL7CMOS compatible, active low Chip Select 
input. When driven high, CS forces the output to a true high 
impedance state and reduces the power dissipation by a fac- 
tor of 25. The CS input has no on-chip pull-down resistor, so 
it must be connected to a logic low (recommend GND) if the 
enable function isn’t utilized. 

AO, A1 - These are binary coded, TTL/CMOS compatible 
address inputs that select which one of the four inputs con- 
nect to the crosspoint output. 


Switcher/Router Applications 

Figure 1 illustrates one possible implementation of a wide- 
band, low power, 4x4 switcher/router utilizing the HA4314 
for the switch matrix. A 4 x 4 switcher/router allows any of 
the four outputs to be driven by any one of the four inputs 
(e.g. each of the four inputs may connect to a different out- 
put, or an input may connect to multiple outputs). This appli- 
cation utilizes the HA4600 (video buffer with output disable) 
for the input buffer, the HA431 4 as the switch matrix, and the 
HFA1112 (programmable gain buffer) as the gain of two out- 
put driver. Figure 2 details a 1 6 x 1 switcher (basically a 1 6:1 
mux) which uses the HA4201 (1 x 1 crosspoint) and the 
HA4314 in a cascaded stage configuration to minimize 
capacitive loading at each output node, thus increasing sys- 
tem bandwidth. 

Power Up Considerations 

No signals should be applied to the analog or digital inputs 
before the power supplies are activated. Latch-up may occur 
if the inputs are driven at the time of power up. To prevent 
latch-up, the input currents during power up must not exceed 
the values listed in the Absolute Maximum Ratings. 

Harris’ Crosspoint Family 

Harris offers a variety of 4 x 1 and 1 x 1 crosspoint switches. 
In addition to the HA4314, the 4 x 1 family includes the 
HA4404 and HA4344. The HA4404 is a 16 lead device with 
Tally outputs to indicate the selected channel. The HA4344 
is a 16 lead crosspoint with synchronized control lines (AO, 


INPUT BUFFERS 
+5V 


OUT 

HA4600 


SWITCH MATRIX 


INO 

L 

INO 

L 

INO 

L 

INO 

HA4314 


HA4314 


HA4314 


HA4314 

CS 

T 

CS 

1 

CS 

T 

CS 


V 

Rs 


V 

Rs 


V 

Rs i 


OUT 

■Wn 

OUT 

-Wv-i 

OUT 

AWi 

OUT 

IN3 

1 rl 

IN3 

r i h 

IN3 

\ H 

IN3 


^OUT 

HA4600 


OUTPUT BUFFERS \+-/ 
(HFA1112 OR HFA1115) WX2 


FIGURE 1.4x4 SWITCHER/ROUTER APPLICATION 
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HA4314, HA4314A 


Al, CS). With synchronization, the control information for the The 1 x 1 family is comprised of the HA4201 and HA4600. 

next channel switch can be loaded into the crosspoint with- They are essentially similar devices, but the HA4201 

out affecting the current state. On a subsequent clock edge includes a Tally output (enable indicator). The 1 x Is are 

the stored control state effects the desired channel switch. useful as high performance video input buffers, or in a switch 

matrix requiring very high off isolation. 


SOURCEO 

♦ 

♦ 

SOURCE3 


SOURCE4 

* 

SOURCE7 


SOURCES 

♦ 

♦ 

♦ 

SOURCE11 


SOURCE12 

♦ 

♦ 

♦ 

SOURCE15 



SWITCHING ISOLATION OUTPUT 

MATRIX MUX BUFFER 


FIGURE 2. 16x1 SWITCHER APPLICATION 
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HA4314, HA4314A 


Die Characteristics 

DIE DIMENSIONS: 

65 x 118 x 19 ±1 mil 
1 640pm x 3000pm x 483pm ±25. 4pm 

METALLIZATION: 

Type: Metal 1: AlCu (1%)/TiW o Type: Metal 2: AlCu (1%] 

Thickness: Metal 1 : 6kA ±0.8kA Thickness: Metal 2: 1 6kA ±1 . 1 kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ±0.5kA 

TRANSISTOR COUNT: 200 

SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 


HA4314, HA4314A 


GND INO NC V+ 



IN3 GND NC V- 
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CROSSTALK (dB) QA|N ((JB) OUTPUT VOLTAGE (V) 


HA4314, HA4314A 



8-16 






TOTAL HARMONIC DISTORTION (%) 


HA4314, HA4314A 


Typical PorfonrianCG Curves V SUP p LY = ±5V, T a = +25°C, R l = 1 0 kll, Unless Otherwise Specified (Continued) 



10 20 30 40 50 60 70 80 90 100 

FREQUENCY (MHz) 


IGMlII 


FREQUENCY (MHz) 


FIGURE 9. TOTAL HARMONIC DISTORTION vs FREQUENCY 


FIGURE 10. INPUT CAPACITANCE vs FREQUENCY 
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Features 

• Low Power Dissipation 105mW 

• Symmetrical Slew Rates 1400V/ps 

• O.ldB Gain Flatness 100MHz 

• -3dB Bandwidth 350MHz 

• Off Isolation (100MHz) 70dB 

• Crosstalk Rejection (30M Hz) 80dB 

• Differential Gain and Phase 0.01 %/0.01 Deg. 

• High ESD Rating >2000V 

• TTL Compatible Control Signals 

• Latched Control Lines for Synchronous Switching 

Applications 

• Professional Video Switching and Routing 

• RGB Video Distribution Systems 

• Computer Graphics 

• RF Switching and Routing 


Description 

The HA4344B is a very wide bandwidth 4 x 1 crosspoint switch ideal 
for professional video switching, HDTV, computer display routing, and 
other high performance applications. This circuit features very low 
power dissipation, excellent differential gain and phase, high off isola- 
tion, symmetric slew rates, fast switching, and latched control signals. 
When disabled, the output is switched to a high impedance state, mak- 
ing the HA4344B ideal for matrix routers. 

The la tched control signals allow for synchronized channel switching. 
When CK1 is low the master control latch loads the n ext switching 
a ddres s (A0, A1 , CS), while the closed (assuming CK2 is the inverse 
of CK 1) slave control latch maintains the crosspoint in its current state. 
CK2 switching low closes the master latch (with previous assumption), 
loads the now open slave latch, and switches the crosspoint to the 
newly selected channel. Channel sel ection is a synch ronous (changes 
with any control signal change) if both CK1 and CK2 are low. 


Ordering Information 

PART NUMBER TEMPERATURE RANGE 

HA4344BCP 0°C to +70°C 

HA4344BCB 0°C to +70°C 


PACKAGE 

16 Lead Plastic DIP 
16 Lead Plastic SOIC (N) 


Pinout 


HA4344B 

(PDIP, 150mil SOIC) 
TOP VIEW 




Timing Diagram 


A0, A1, CS CHX I CHY I CHZ I CHX ICHZ 


CHX y CHY^ CHX^ CH 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 Q iQ 
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Specifications HA4344B 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 

Input Voltage 

Digital Input Current (Note 2) 

Analog Input Current (Note 2) 

Output Current 

Junction Temperature (Die Only) 

Junction Temperature (Plastic Package) 

Lead Temperature (Soldering 10s) 

(SOIC - Lead Tips Only) 

12V 

■ V SUPPLY 

+25mA 

+5mA 

20mA 

+175°C 

+150°C 

+300°C 

Operating Temperature Range 

HA4344BC 

Storage Temperature 

Thermal Package Characteristics 

Plastic DIP Package 

SOIC Package 

. . . . 0°C < T a < +70°C 
..-65°C<T a <+150°C 

90°C/W 

115°C/W 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v SUPPLY = ±sv, r l = iokn, Vg§ = o.sv unless otherwise specified 


PARAMETER 

(NOTE 3) 

TEMPERATURE 

HA4344BC 

UNITS 

MIN 

TYP 

MAX 

DC SUPPLY CHARACTERISTICS 

Supply Voltage 

Full 

±4.5 

±5.0 

±5.5 

V 

Supply Current (V 0UT = 0V) Vcg = 0.8V 

+25°C, +70°C 

- 

10.5 

13 

mA 

Vcs = 0.8V 

0°C 

- 

- 

15.5 

mA 

Vcs = 2.0V 

+25°C, +70°C 

- 

400 

450 

pA 

Vcs = 2.0V 

0°C 

- 

400 

580 

pA 

ANALOG DC CHARACTERISTICS 

Output Voltage Swing Without Clipping 
(V O UT = V, N ±V lo ±20mV) 

+25°C, +70°C 

±2.7 

±2.8 

- 

V 

0°C 

±2.4 

±2.5 

- 

V 

Output Current 

Full 

15 

20 

- 

mA 

Input Bias Current 

Full 

- 

30 

50 

pA 

Output Offset Voltage 

Full 

-10 

- 

10 

mV 

Output Offset Voltage Drift (Note 1 ) 

Full 

- 

25 

50 

pV/°C 

SWITCHING CHARACTERISTICS 

Turn-On Time 

+25°C 

- 

160 

- 

ns 

Turn-Off Time 

+25°C 

- 

320 

- 

ns 

Output Glitch During Switching 

+25°C 

- 

±10 

- 

mV 

DIGITAL DC CHARACTERISTICS 

Input Logic High Voltage 

Full 

2 

- 

- 

V 

Input Logic Low Voltage 

Full 

- 

- 

0.8 

V 

CLKT, CLK2 Input Current (0 to 4V) 

Full 

; 

40 

50 

pA 

CS, A0, A1 Input Current (0 to 4V) 

Full 

-2 

- 

2 

pA 

AC CHARACTERISTICS 

Insertion Loss (±1V) 

+25°C 

- 

0.055 

0.063 

dB 

Full 

- 

0.07 

0.08 

dB 

Channel-to-Channel Insertion Loss Match 

Full 

- 

±0.004 

±0.006 

dB 
















































































































Specifications HA4344B 


Electrical Specifications V SU p PLY = ±5V, R l = 10k£2, Vg§ = 0.8V Unless Otherwise Specified (Continued) 



Total Harmonic Distortion (Note 1) 


Disabled Output Resistance (Vqs = 2.0V) 


1 . This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

2. If an input signal is applied before the supplies are powered up, the input current must be limited to these maximum values. 

3. Units are 100% tested at +25°C; sample tested at +70°C; guaranteed, but not tested at 0°C. 


AC Test Circuit 

500Q 



NOTE: 

1 . C L = C x + Test Fixture Capacitance. 
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SEMICONDUCTOR 


HA4404, HA4404A 


July 1995 


Wideband, 4x1 Video 
Crosspoint Switch with Tally Outputs 


Features 

• Low Power Dissipation 105mW 

• Symmetrical Slew Rates 1250V/ps 

• 0.1 dB Gain Flatness 165MHz 

• -3dB Bandwidth 330MHz 

• Off Isolation (100MHz) 70dB 

• Crosstalk Rejection (30MHz) 80dB 

• Differential Gain and Phase 0.01%/0.01 Degrees 

• High ESD Rating >2000V 

• TTL Compatible Control Inputs 

• Open Collector Tally Outputs 

• Improved Replacement for GX4404 

Applications 

• Professional Video Switching and Routing 

• HDTV 

• Computer Graphics 

• RF Switching and Routing 


Description 

The HA4404 is a very wide bandwidth 4 x 1 crosspoint 
switch ideal for professional video switching, HDTV, com- 
puter monitor routing, and other high performance applica- 
tions. The circuit features very low power dissipation 
(105mW Enabled, 4mW Disabled), excellent differential gain 
and phase, and very high off isolation. When disabled, the 
output is switched to a high impedance state, making the 
HA4404 ideal for routing matrix equipment. 

The HA4404 requires no external current source, and fea- 
tures fast switching and symmetric slew rates. The tally out- 
puts are open collector PNP transistors to V cc to provide an 
indication of crosspoint selection. 

The only difference between the HA4404 and HA4404A is 
that the A grade part has lower disabled output capacitance. 

For a 4 x 1 crosspoint without Tally outputs or with synchro- 
nous control signals, please refer to the HA4314A and 
HA4344A Data Sheets, respectively. 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA4404CB 0°C to +70°C 16 Lead Plastic SOIC (N) 

HA4404ACP 0°C to +70°C 16 Lead Plastic DIP 

HA4404ACB 0°C to +70°C 16 Lead Plastic SOIC (N) 


Pinout 



HA4404, HA4404A 


(PDIP, SOIC) 



TOP VIEW 


INO ^ 


16] TO 

GND [7 


T|] V+ 

INI [7 


AO 

T1 [7 


13] A1 

T2 |7 


12] CS 

IN2 [7 


IT] OUT 

GND [7 


To] v- 

IN3 [7 


][| T3 



Truth Table 


OUT 

ACTIVE TALLY 
OUTPUT 

INO 

TO 

INI 

T1 

IN2 

T2 

IN3 

T3 

High - Z 

None, All High - Z 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 o oi 


File Number 3678.2 


VIDEO 

SWITCHES 




































Specifications HA4404, HA4404A 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 

Input Voltage 

Digital Input Current (Note 2) 

Analog Input Current (Note 2) 

Output Current 

Junction Temperature (Die Only) 

Junction Temperature (Plastic Package) 

Lead Temperature (Soldering 10s) 

(SOIC- Lead Tips Only) 

12V 

^SUPPLY 

±25mA 

. . .+5mA 

20mA 

+175°C 

........ +150°C 

+300°C 

Operating Temperature Range 

HA4404C, HA4404AC 

Storage Temperature 

Thermal Package Characteristics (°C/W) 

Plastic DIP Package 

SOIC Package 

. . . . 0°C < T a < +70°C 
..-65°C<T A <+150°C 
e JA 

90 

115 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V SU p PLY = ±5V, R l = lOkft, Vqs = 0.8V, Unless Otherwise Specified 


PARAMETER 

(NOTE 3) 

TEMPERATURE 

| HA4404C, HA4404AC | 

UNITS 

MIN 

TYP 

MAX 

DC SUPPLY CHARACTERISTICS 

Supply Voltage 

Full 

±4.5 

±5.0 

±5.5 

V 

Supply Current (V 0 ut = 0V) Vqs = 0.8V 

+25°C, +70°C 

- 

10.5 

13 

mA 

Vqs = 0.8V 

0°C 

- 

- 

15.5 

mA 

Vqs = 

+25°C, +70°C 

- 

400 

450 

pA 

Vcs = 2.0V 

0°C 

- 

400 

580 

pA 

ANALOG DC CHARACTERISTICS 

Output Voltage Swing without Clipping 

(Vout = Vin ± V| 0 ± 20mV) 

+25°C, +70°C 

±2.7 

±2.8 

- 

V 

0°C 

±2.4 

±2.5 

- 

V 

Output Current 

Full 

15 

20 

- 

mA 

Input Bias Current 

Full 

- 

30 

50 

pA 

Output Offset Voltage 

Full 

-10 

- 

10 

mV 

Output Offset Voltage Drift (Note 1) 

Full 

- 

25 

50 

pV/°C 


SWITCHING CHARACTERISTICS 


Turn-On Time 

+25°C 

- 

160 


ns 

Turn-Off Time 

+25°C 

- 

320 


ns 

Output Glitch During Switching 

+25°C 

- 

±10 

- 

mV 


DIGITAL DC CHARACTERISTICS 


Input Logic High Voltage 

Full 

2 

- 

- 

V 

Input Logic Low Voltage 

Full 

- 

- 

0.8 

V 

Input Current (0V to 4V) 

Full 

-2 

* 

2 

pA 

Tally Output High Voltage (l 0H = 1mA) 

Full 

4.7 

co 

■ 

V 

Tally Off Leakage Current (V TALLY = 0V) 

Full 

-20 

- 

20 

pA 

AC CHARACTERISTICS 

Insertion Loss (±1V) 

+25°C 

- 

0.055 

0.063 

dB 


Full 

- 

0.07 

0.08 

dB 

Channel-to-Channel Insertion Loss Match 

Full 

- 

±0.004 

±0.006 

dB 





















































































































Specifications HA4404, HA4404A 


Electrical Specifications Vsupply = ±5V. R L = 10k£i, Vcs = O.av, Unless Otherwise Specified (Continued) 



1. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

2. If an input signal is applied before the supplies are powered up, the input current must be limited to these maximum values. 

3. Units are 100% tested at +25°C, sample tested at 70°C, guaranteed, but not tested at 0°C. 


AC Test Circuit 



PC Board Layout 

The frequency response of this circuit depends greatly on 
the care taken in designing the PC board. The use of low 

inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 


1 . C L = C x + Test Fixture Capacitance. 
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HA4404, HA4404A 


Application Information 

General 

The HA4404 is a 4 x 1 crosspoint switch that is ideal for the 
matrix element of high performance switchers and routers. 
This crosspoint’s low input capacitance and high input resis- 
tance provide excellent video terminations when used with 
an external 750 . resistor. Nevertheless, if several HA4404 
inputs are connected together, the use of an input buffer 
should be considered (see Figure 1). This crosspoint con- 
tains no feedback or gain setting resistors, so the output is a 
true high impedance load when the 1C is disabled (CS = 1). 

Ground Connections 

All GND pins are connected to a common point on the die, 
so any one of them will suffice as the functional GND con- 
nection. For the best isolation and crosstalk rejection, how- 
ever, all GND pins must connect to the GND plane. 

Frequency Response 

Most applications utilizing the HA4404 require a series out- 
put resistor, R s , to tune the response for the specific load 
capacitance, C L , driven. Bandwidth and slew rate degrade 
as C L increases (as shown in the Electrical Specification 
table), so give careful consideration to component place- 
ment to minimize trace length. In big matrix configurations 
where C L is large, better frequency response is obtained by 
cascading two levels of crosspoints in the case of multi- 
plexed outputs (see Figure 2), or distributing the load 
between two drivers if C L is due to bussing and subsequent 
stage input capacitance. 


Control Signals 

CS - This is a TTL/CMOS compatible, active low Chip Select 
input. When driven high, CS forces the output to a true high 
impedance state and reduces the power dissipation by a fac- 
tor of 25. The CS input has no on-chip pull-down resistor, so 
it must be connected to a logic low (recommend GND) if the 
enable function isn’t utilized. 

AO, A1 - These are binary coded, TTL/CMOS compatible 
address inputs that select which one of the four inputs con- 
nect to the crosspoint output. 

T0-T3 - The Tally outputs are open collector PNP transistors 
connected to V+. When CS = 0, the PNP transistor associ- 
ated with the selected input is enabled and current is deliv- 
ered to the load. When the crosspoint is disabled, or the 
channel is unselected, the Tally output(s) present a very high 
impedance to the external circuitry. Several Tally outputs 
may be wire OR’d together to generate complex control sig- 
nals, as shown in the application circuits below. The Tally 
load may be terminated to GND or to V- as long as the con- 
tinuous output current doesn’t exceed 3mA (6mA at 50% 
duty cycle, etc.). 

Switcher/Router Applications 

Figure 1 illustrates one possible implementation of a wide- 
band, low power, 4x4 switcher/router utilizing the HA4404 
for the switch matrix. A 4 x 4 switcher/router allows any of 
the four outputs to be driven by any one of the four inputs 
(e.g. each of the four inputs may connect to a different out- 
put, or an input may connect to multiple outputs). This appli- 
cation utilizes the HA4600 (video buffer with output disable) 


INPUT BUFFERS 


SWITCH MATRIX 



OUTO OUT1 OUT2 OUT3 


FIGURE 1.4X4 SWITCHER/ROUTER APPLICATION 




HA4404, HA4404A 


for the input buffer, the HA4404 as the switch matrix, and the 
HFA1112 (programmable gain buffer) as the gain of two out- 
put driver. Figure 2 details a 16 x 1 switcher (basically a 16:1 
mux) which uses the HA4201 (1 x 1 crosspoint) and the 
HA4404 in a cascaded stage configuration to minimize 
capacitive loading at each output node, thus increasing sys- 
tem bandwidth. 

Power Up Considerations 

No signals should be applied to the analog or digital inputs 
before the power supplies are activated. Latch-up may occur 
if the inputs are driven at the time of power up. To prevent 
latch-up, the input currents during power up must not exceed 
the values listed in the Absolute Maximum Ratings. 


Harris’ Crosspoint Family 

Harris offers a variety of 4 x 1 and 1 x 1 crosspoint switches. 
In addition to the HA4404, the 4 x 1 family includes the 
HA431 4 and HA4344. The HA431 4 is a basic 1 4 lead device 
without Tally outputs. The HA4344 is a _16_ lead crosspoint 
with synchronized control lines (AO, A1, CS). With synchro- 
nization, the control information for the next channel switch 
can be loaded into the crosspoint without affecting the cur- 
rent state. On a subsequent clock edge the stored control 
state effects the desired channel switch. 

The 1 x 1 family is comprised of the HA4201 and HA4600. 
They are essentially similar devices, but the HA4201 
includes a Tally output. The 1 xl’s are useful as high perfor- 
mance video input buffers, or in a switch matrix requiring 
very high off isolation. 


SWITCHING MATRIX ISOLATION MUX 


OUTPUT BUFFER 



FIGURE 2. 16X1 SWITCHER APPLICATION 
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HA4404, HA4404A 


Die Characteristics 

DIE DIMENSIONS: 

65 x 118 x 19 ±1mil 

1640pm x 3000pm x 483pm ±25. 4pm 

METALLIZATION: 

Type: Metal 1: AlCu (1%)/TiW o Type: Metal 2: AlCu (1%) 

Thickness: Metal 1 : 6kA ±0.8kA Thickness: Metal 2: 1 6kA ±1 . 1 kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ±0.5kA 

TRANSISTOR COUNT: 200 

SUBSTRATE POTENTIAL (Powered Up): V- 

Metallization Mask Layout 

HA4404, HA4404A 

GND INO TO V+ 


AO 


A1 


CS 

OUT 


NC 


NC 


IN3 GND T3 V- 






PUT VOLTAGE (V) 


HA4404, HA4404A 


Typical Performance Curves v SUP p LY = ±sv, t a = + 25 °c, r l = ioku unless otherwise specified 



5ns/DIV 

FIGURE 3. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 4. CHANNEL-TO-CHANNEL SWITCHING RESPONSE 
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SEMICONDUCTOR 


HA4600 


July 1995 


Wideband, 

Video Buffer with Output Disable 


Features 

• Low Power Dissipation 105mW 

• Symmetrical Slew Rates 1700V/ps 

• 0.1 dB Gain Flatness 250MHz 

• Off Isolation (100MHz) 85dB 

• Differential Gain and Phase 0.01 %/0.01 Degrees 

• High ESD Rating >2000V 

• TTL Compatible Enable Input 

• Improved Replacement for GB4600 

Applications 

• Professional Video Switching and Routing 

• Video Multiplexers 


Computer Graphics 
RF Switching and Routing 
PCM Data Routing 


Description 

The HA4600 is a very wide bandwidth, unity gain buffer ideal 
for professional video switching, HDTV, computer monitor 
routing, and other high performance applications. The circuit 
features very low power dissipation (105mW Enabled, ImW 
Disabled), excellent differential gain and phase, and very 
high off isolation. When disabled, the output is switched to a 
high impedance state, making the HA4600 ideal for routing 
matrix equipment and video multiplexers. 

The HA4600 also features fast switching and symmetric 
slew rates. A typical application for the HA4600 is interfacing 
Harris’ wide range of video crosspoint switches. 

For applications requiring a tally output (enable indicator), 
please refer to the HA4201 data sheet. 

Ordering Information 


PART 

NUMBER 


TEMPERATURE 


0°C to +70°C 8 Lead Plastic DIP 

0°C to +70°C 8 Lead Plastic SOI C (N) 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 Q __ 
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Specifications HA4600 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- 12V Operating Temperature Range 

Input Voltage ^supply HA4600C 

Digital Input Current (Note 2) ........ ±25mA Storage Temperature . 

Analog Input Current (Note 2) ±5mA Thermal Package Characteristics 

Output Current . ,20mA Plastic DIP Package 

Junction Temperature (Die Only) +175°C SOIC Package 

Junction Temperature (Plastic Package) +150°C 

Lead Temperature (Soldering 10s) . . . . +300°C 

(SOIC - Lead Tips Only) 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


. . . 0°C < T a < +70°C 
,-65°C<T a <+150°C 

0 j A 

130°C/W 

170°C/W 


only rating and operation 


Electrical Specifications V SU p PLY = ±5V, R l = 10kn, V EN = 2.0V, Unless Otherwise Specified 


TEMPERATURE 


DC SUPPLY CHARACTERISTICS 


Supply Voltage 


Supply Current (V 0 ut = 0V) 


ANALOG DC CHARACTERISTICS 


Output Voltage Swing without Clipping 
(^out = V|N ± V|o ± 20mV) 


Output Current 


Input Bias Current 


Output Offset Voltage 


Output Offset Voltage Drift (Note 1) 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Turn-Off Time 


DIGITAL DC CHARACTERISTICS 


Input Logic High Voltage 


Input Logic Low Voltage 


EN Input Current (0 to 4V) 


AC CHARACTERISTICS 


Insertion Loss (+1V) 


-3dB Bandwidth 


±0.1 dB Flat Bandwidth 


Input Resistance 


V EN = 2.0V 


R s = 82n, C L = lOpF 
R s = 43n, C L = 15pF 
R s = 36Q, C L = 21pF 


R s = 820., C L = 10pF 
R s = 43a C L = 15pF 
R s = 36a, C L = 21pF 
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Specifications HA4600 


Electrical Specifications V SU p PLY = ±5V, R l = 10kQ, V EN = 2.0V, Unless Otherwise Specified (Continued) 


PARAMETER 

TEMPERATURE 

HA4600C 

UNITS 

MIN 

TYP 

MAX 

Input Capacitance 

Full 

- 

1.0 


PF 

Enabled Output Resistance 

Full 

- 

15 


LI 

Disabled Output Capacitance (V EN = 0.8V) 

Full 


2.0 


PF 

Differential Gain (4.43MHz, Note 1) 

+25°C 


0.01 

0.02 

% 

Differential Phase (4.43MHz, Note 1) 

+25°C 


0.01 

0.02 

Degrees 

Off Isolation (1V P . P , 100MHz, V EN = 0.8V, R L = 10H) 

Full 

- 

85 

- 

dB 

Slew Rate (1 .5V P _ P , +SR/-SR) R s = 82 LX C L = lOpF 

+25°C 

- 

1750/1770 


V/ps 

R s = 43£2, C L = 15pF 

+25°C 

- 

1460/1360 


V/ps 

R s = 36£2, C L = 21pF 

+25°C 

- 

1410/1360 

- 

V/ps 

Total Harmonic Distortion (Note 1) 

Full 


0.01 

0.1 

% 

Disabled Output Resistance 

Full 


12 

- 

M£2 


NOTES: 

1. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

2. If an input signal is applied before the supplies are powered up, the input current must be limited to these maximum values. 


AC Test Circuit 



NOTE: 

1. C E = Cx + Test Fixture Capacitance. 


PC Board Layout 

The frequency response of this circuit depends greatly on 
the care taken in designing the PC board. The use of low 

inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOpF) tantalum in parallel with a small value 
(0.1 pF) chip capacitor works well in most cases. 

Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 

Application Information 

General 

The HA4600 is a unity gain buffer that is optimized for high 
performance video applications. The output disable function 
makes it ideal for the matrix element in small, high input-to- 
output isolation switchers and routers. This buffer contains 
no feedback or gain setting resistors, so the output is a true 


high impedance load when the 1C is disabled (EN = 0). The 
HA4600 also excels as an input buffer for routers with a 
large number of outputs (i.e. each input must connect to a 
large number of outputs) and delivers performance superior 
to most video amplifiers at a fraction of the cost. As an input 
buffer, the HA4600’s low input capacitance and high input 
resistance provide excellent video terminations when used 
with an external 75 LI resistor. 

Frequency Response 

Most applications utilizing the HA4600 require a series out- 
put resistor, R s , to tune the response for the specific load 
capacitance, C L , driven. Bandwidth and slew rate degrade 
as C L increases (as shown in the Electrical Specification 
table), so give careful consideration to component place- 
ment to minimize trace length. As an example, -3dB band- 
width decreases to 160MHz for C L = lOOpF, R s = Oil In big 
matrix configurations where C L is large, better frequency 
response is obtained by cascading two levels of crosspoints 
in the case of multiplexed outputs (see Figure 2), or distribut- 
ing the load between two drivers if C L is due to bussing and 
subsequent stage input capacitance. 

Control Signals 

EN - The ENABLE input is a TTL/CMOS compatible, active 
high input. When driven low this input forces the output to a 
true high impedance state and reduces the power dissipa- 
tion by two orders of magnitude. The EN input has no on- 
chip pull-up resistor, so it must be connected to a logic high 
(recommend V+) if the enable function isn’t utilized. 

Switcher/Router Applications 

Figure 1 illustrates one possible implementation of a wide- 
band, low power, 4x4 switcher/router. A 4 x 4 switcher/ 
router allows any of the four outputs to be driven by any one 
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HA4600 


of the four inputs (e.g. each of the four inputs may connect to 
a different output, or an input may connect to multiple out- 
puts). This application utilizes the HA4600 for the input 
buffer, the HA4404 (4 x 1 crosspoint switch) as the switch 
matrix, and the HFA1112 (programmable gain buffer) as the 
gain of two output driver. Figure 2 details a 16 x 1 switcher 
(basically a 16:1 mux) which uses the HA4600 in a cas- 
caded stage configuration to minimize capacitive loading at 
each output node, thus increasing system bandwidth. 

Power Up Considerations 

No signals should be applied to the analog or digital inputs 
before the power supplies are activated. Latch-up may occur 
if the inputs are driven at the time of power up. To prevent 
latch-up, the input currents during power up must not exceed 
the values listed in the Absolute Maximum Ratings. 


Harris’ Crosspoint Family 

Harris offers a variety of 1 x 1 and 4 x 1 crosspoint switches. 
In addition to the HA4600, the 1 x 1 family includes the 
HA4201 which is an essentially similar device that includes a 
Tally output (enable indicator). The 4 x 1 family is comprised 
of the HA4314, HA4404, and HA4344. The HA4314 is a 14 
lead basic 4 x 1 crosspoint. The HA4404 is a 16 lead device 
with Tally outputs to indicate the selected channel. The 
HA4344 is a 16 lead crosspoint with synchronized control 
lines (AO, Al, CS). With synchronization, the control infor- 
mation for the next channel switch can be loaded into the 
crosspoint without affecting the current state. On a subse- 
quent clock edge the stored control state effects the desired 
channel switch. 


INPUT BUFFERS 
^ EN 


SWITCH MATRIX 



FIGURE 1.4x4 SWITCHER/ROUTER APPLICATION 











HA4600 


SWITCHING MATRIX ISOLATION MUX 


OUTPUT BUFFER 


SOURCEO 


SOURCE12 

♦ 

* 

♦ 

SOURCE15 



FIGURE 2. 16x1 SWITCHER APPLICATION 
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HA4600 


Die Characteristics 

DIE DIMENSIONS: 

54 x 39 x 19 ± 1 mil 

1380|iim x 1000pm x 483pm ± 25.4|nm 

METALLIZATION: 

Type: Metal 1: AlCu (1%)/TiW Type: Metal 2: AlCu (1%) 
Thickness: Metal 1: 6kA±0.8kA Thickness: Metal 2: 16kA±1.1kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

TRANSISTOR COUNT: 53 

SUBSTRATE POTENTIAL (Powered Up): V- 

Metallization Mask Layout 

HA4600 
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Morris HA7210, HA7211 


July 1995 


Features 

• Single Supply Operation at 32kHz 2.0V to 7.0V 

• Operating Frequency Range 10kHz to 10MHz 

• Supply Current at 32kHz 5pA 

• Supply Current at 1MHz 130|iA 

• Drives 2 CMOS Loads 

• Only Requires an External Crystal for Operation 

• Two Pinouts Available 

Applications 

• Battery Powered Circuits 

• Remote Metering 

• Embedded Microprocessors 

• Palm Top/Notebook PC 


Low Power Crystal Oscillator 


Description 

The HA721 0 and HA721 1 are very low power crystal-controlled 
oscillators that can be externally programmed to operate 
between 10kHz and 10MHz. For normal operation it requires 
only the addition of a crystal. The part exhibits very high stability 
over a wide operating voltage and temperature range. 

The HA7210 and HA7211 also feature a disable mode that 
switches the output to a high impedance state. This feature 
is useful for minimizing power dissipation during standby 
and when multiple oscillator circuits are employed. 

Ordering Information 

PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA7210IP -40°C to +85°C 8 Lead Plastic DIP 

HA7210IB -40°C to +85°C 8 Lead Plastic SOIC (N) 

HA7210Y -40°C to +85°C DIE 

HA7211IB -40°C to +85°C 8 Lead Plastic SOIC (N) 


Pinouts 

HA7210 

TOP VIEW 


V DD [X 


1] ENABLE 

OSCIN [T 


T] FREQ 2 

OSCOUT |T 


1] FREQ 1 

Vss E 

HA7211 

TOP VIEW 

T\ OUTPUT 

OSCOUT [T 


T] OSC IN 

ENABLE [T 


T] FREQ 2 

FREQ 1 [T 


< 

s 

Vss E 


p] OUTPUT 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
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NOTE: 

1. Logic input pull-up resistors are constant current source of 0.4pA. 


SWITCH 

OUTPUT RANGE 

Sla, b, c 

10kHz- 100kHz 

S2 

100kHz- 1MHz 

S3 

1MHz -5MHz 

S4 

5MHz-10MHz+ 

X 

High Impedance 





























Specifications HA7210, HA7211 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage 1 0.0V Operating Temperature (Note 3) -40°C to +85°C 

Voltage (any pin) V SS -0.3V to V DD +0.3V Storage Temperature Range -65°C to +1 50°C 

Junction Temperature (Plastic Package) +150°C Thermal Package Characteristics 0 JA 

ESD Rating (Note 2) >4000V PDIP 125°C/W 

Lead Temperature (Soldering 1 0s) +300°C SOIC 170°C/W 

(SOIC - Lead Tip Only) 

CAUTION: Stresses above those listed in Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 


V ss = GND, T a = +25°C, Unless Otherwise Specified 



Vqd Supply Range (f 0 sc = 32kHz) 


l DD Supply Current 

fosc = 32kHz, EN = 0 Standby 


f 0SC = 32kHz, C L = 1 0pF (Note 1 ), EN = 1 , Freql = 1 , Freq2 = 1 


f 0S c = 32kHz, C L = 40pF, EN = 1 , Freql = 1 , Freq2 = 1 


f 0SC = ^Hz, C L = lOpF (Note 1), EN = 1, Freql = 0, Freq2 = 1 


f 0S c = 1 MHz - C L = 40pF, EN = 1 , Freql = 0, Freq2 = 1 


V 0H Output High Voltage (I 0 ut = -1mA) 


V 0 l Output Low Voltage (Iqut = 1 mA ) 


l 0H Output High Current (V 0 ut ^ 4V ) 


l 0L Output Low Current (V 0UT ^ 0.4V) 


Three-State Leakage Current 

(V OUT = 0V, 5V, T a = 25°C, -40°C) 

(V OU T = 0V, 5V, T A = 85°C) 


lj N Enable, Freql , Freq2 Input Current (V )N = V ss to V DD ) 


V| H Input High Voltage Enable, Freql, Freq2 


V| L Input Low Voltage Enable, Freql, Freq2 


Enable Time (C L = 18pF, R L = 1k£2) 


Disable Time (C L = 18pF, R L = 1k£2) 


t R Output Rise Time (10% - 90%, f 0 sc = 32kHz, C L = 40pF) 


t F Output Fall Time (10% - 90%, f 0 sc = 32kHz, C L = 40pF) 


Duty Cycle (C L = 40pF) f 0 sc = 1MHz, Packaged Part Only (Note 4) 


Duty Cycle (C L = 40pF) f 0 sc = 32kHz, (See Typical Curves) 


Frequency Stability vs. Supply Voltage (f 0 sc = 32kHz, V DD = 5V, C L =10pF) 


Frequency Stability vs. Temperature (f 0 sc = 32kHz, V DD = 5V, C L =10pF) 


Frequency Stability vs. Load (f 0 sc = 32kHz, V DD = 5V, C L =10pF) 



1 . Calculated using the equation l DD = l DD (No Load) + (V DD ) (fosc)( c i_) 

2. Human body model. 

3. This product is production tested at +25°C only. 

4. Duty cycle will vary with supply voltage, oscillation frequency, and parasitic capacitance on the crystal pins. 


9-5 


SPECIAL ANALOG 
CIRCUITS 

















































































































HA7210, HA7211 


Test Circuits 

+5V 



In production the HA7210 is tested with a 32kHz and a 
1MHz crystal. However for characterization purposes data 
was taken using a sinewave generator as the frequency 
determining element, as shown in Figure 1. The 1V P . P input 
is a smaller amplitude than what a typical crystal would gen- 
erate so the transitions are slower. In general the Generator 
data will show a “worst case” number for l DD , duty cycle, and 
rise/fall time. The Generator test method is useful for testing 
a variety of frequencies quickly and provides curves which 
can be used for understanding performance trends. Data for 
the HA7210 using crystals has also been taken. This data 
has been overlaid onto the generator data to provide a refer- 
ence for comparison. 

Theory of Operation 

The HA7210 and HA7211 are Pierce Oscillators optimized 
for low power consumption, requiring no external compo- 
nents except for a bypass capacitor and a Parallel Mode 
Crystal. The Simplified Block Diagram shows the Crystal 
attached to pins 2 and 3, (HA7210) the Oscillator input and 
output. The crystal drive circuitry is detailed showing the 
simple CMOS inverter stage and the P-channel device being 
used as biasing resistor R F . The inverter will operate mostly 
in its linear region increasing the amplitude of the oscillation 
until limited by its transconductance and voltage rails, V DD 
and V RN . The inverter is self biasing using R P to center the 
oscillating waveform at the input threshold. Do not interfere 
with this bias function with external loads or excessive leak- 
age on pin 2 for HA7210, pin 8 for HA7211. Nominal value 
for R F is 17M£2 in the lowest frequency range to 7MQ in the 
highest frequency range. 

The HA7210 and HA7211 optimizes its power for 4 fre- 
quency ranges selected by digital inputs Freql and Freq2 as 
shown in the Block Diagram. Internal pull up resistors (con- 
stant current 0.4pA) on Enable, Freql and Freq2 allow the 
user simply to leave one or all digital inputs not connected 
for a corresponding “1” state. All digital inputs may be left 
open for 1 0kHz to 1 00kHz operation. 


erence string allows for wide supply variation with minimal 
effect on performance. The reduced operating voltage of the 
oscillator section reduces power consumption and limits 
transconductance and bandwidth to the frequency range 
selected. For frequencies at the edge of a range, the higher 
range may provide better performance. 

The OSC OUT waveform on pin 3 for HA7210 (pin 1 for 
HA7211) is squared up through a series of inverters to the 
output drive stage. The Enable function is implemented with 
a NAND gate in the inverter string, gating the signal to the 
level shifter and output stage. Also during Disable the output 
is set to a high impedance state useful for minimizing power 
during standby and when multiple oscillators are OR'd to a 
single node. 

Design Considerations 

The low power CMOS transistors are designed to consume 
power mostly during transitions. Keeping these transitions 
short requires a good decoupling capacitor as close as pos- 
sible to the supply pins 1 and 4 for HA7210, pins 4 and 6 for 
HA7211. A ceramic 0.1 pF is recommended. Additional sup- 
ply decoupling on the circuit board with 1p,F to 10pF will fur- 
ther reduce overshoot, ringing and power consumption. The 
HA7210, when compared to a crystal and inverter alone, will 
speed clock transition times, reducing power consumption of 
all CMOS circuitry run from that clock. 

Power consumption may be further reduced by minimizing 
the capacitance on moving nodes. The majority of the power 
will be used in the output stage driving the load. Minimizing 
the load and parasitic capacitance on the output, pin 5, will 
play the major role in minimizing supply current. A second- 
ary source of wasted supply current is parasitic or crystal 
load capacitance on pins 2 and 3 for HA7210, pins 1 and 8 
for HA7211. The HA7210 is designed to work with most 
available crystals in its frequency range with no external 
components required. Two 15pF capacitors are internally 
switched onto crystal pins 2 and 3 on the HA7210 to com- 
pensate the oscillator in the 10kHz to 100kHz frequency 
range. 

The supply current of the HA7210 and HA7211 may be 
approximately calculated from the equation: 

<dd = loD(Disabled) + V DD x Fqsc x Cl 

where: l DD = Total supply current 

V DD = Total voltage from V DD (pinl) to V ss (pin4) 
F 0 sc = Frequency of Oscillation 
C L = Output (pin5) load capacitance 

Example #1 : 

V DD = 5V, Fqsc = 100kHz, C L = 30pF 
l DD (Disabled) = 4.5pA (Figure 10) 
l DD = 4.5(iA + (5 V) ( 1 00 kHz) (30p F) = 19.5pA 
Measured l DD = 20.3pA 

Example #2: 


A current source develops 4 selectable reference voltages V DD = 5V, F 0 sc = 5MHz, C L = 30pF 
through series resistors. The selected voltage, V RN , is buff- l DD (Disabled) = 75 jiA (Figure 9) 
ered and used as the negative supply rail for the oscillator l DD = 75)iA + (5V)(5MHz)(30pF) = 825pA 
section of the circuit. The use of a current source in the ref- Measured l DD = 809(iA 





HA7210, HA7211 


Crystal Selection 

For general purpose applications, a Parallel Mode Crystal is 
a good choice for use with the HA7210 or HA7211. However 
for applications where a precision frequency is required, the 
designer needs to consider other factors. 

Crystals are available in two types or modes of oscillation, 
Series and Parallel. Series Mode crystals are manufactured 
to operate at a specified frequency with zero load capaci- 
tance and appear as a near resistive impedance when oscil- 
lating. Parallel Mode crystals are manufactured to operate 
with a specific capacitive load in series, causing the crystal 
to operate at a more inductive impedance to cancel the load 
capacitor. Loading a crystal with a different capacitance will 
“pull” the frequency off its value. 

The HA7210 and HA7211 has 4 operating frequency ranges. 
The higher three ranges do not add any loading capacitance 
to the oscillator circuit. The lowest range, 1 0kHz to 1 00kHz, 
automatically switches in two 15pF capacitors onto OSC IN 
and OSC OUT to eliminate potential start-up problems. 
These capacitors create an effective crystal loading capaci- 
tor equal to the series combination of these two capacitors. 
For the HA7210 and HA7211, in the lowest range, the effec- 
tive loading capacitance is 7.5pF. Therefore the choice for a 
crystal, in this range, should be a Parallel Mode crystal that 
requires a 7.5pF load. 

In the higher 3 frequency ranges, the capacitance on OSC 
IN and OSC OUT will be determined by package and layout 
parasitics, typically 4 to 5pF. Ideally the choice for crystal 
should be a Parallel Mode set for 2.5pF load. A crystal man- 
ufactured for a different load will be “pulled” from its nominal 
frequency (see Crystal Pullability). 

+5V 



FIGURE 2. 


Frequency Fine Tuning 

Two Methods will be discussed for fine adjustment of the 
crystal frequency. The first and preferred method (Figure 2), 
provides better frequency accuracy and oscillator stability 
than method two (Figure 3). Method one also eliminates 
start-up problems sometimes encountered with 32kHz tun- 
ing fork crystals. 

For best oscillator performance, two conditions must be met: 
the capacitive load must be matched to both the inverter and 
crystal to provide ideal conditions for oscillation, and the fre- 
quency of the oscillator must be adjustable to the desired 
frequency. In Method two these two goals can be at odds 
with each other; either the oscillator is trimmed to frequency 
by de-tuning the load circuit, or stability is increased at the 
expense of absolute frequency accuracy. 

Method one allows these two conditions to be met indepen- 
dently. The two fixed capacitors, C-| and C 2 , provide the opti- 
mum load to the oscillator and crystal. C 3 adjusts the 
frequency at which the circuit oscillates without appreciably 
changing the load (and thus the stability) of the system. 
Once a value for C 3 has been determined for the particular 
type of crystal being used, it could be replaced with a fixed 
capacitor. For the most precise control over oscillator fre- 
quency, C 3 should remain adjustable. 

This three capacitor tuning method will be more accurate 
and stable than method two and is recommended for 32kHz 
tuning fork crystals; without it they may leap into an overtone 
mode when power is initially applied. 

Method two has been used for many years and may be pre- 
ferred in applications where cost or space is critical. Note 
that in both cases the crystal loading capacitors are con- 
nected between the oscillator and V DD ; do not use V ss as an 
AC ground. The Simplified Block Diagram shows that the 
oscillating inverter does not directly connect to V ss but is ref- 
erenced to V DD and V RN . Therefore V DD is the best AC 
ground available. 


+5V 



FIGURE 3. 
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Typical values of the capacitors in Figure 2 are shown below. 
Some trial and error may be required before the best combi- 
nation is determined. The values listed are total capacitance 
including parasitic or other sources. Remember that in the 
10kHz to 100kHz frequency range setting the HA7210 
switches in two internal 1 5pF capacitors. 


CRYSTAL 

FREQUENCY 

LOAD CAPS 

Cl, C2 

TRIMMER CAP 

C3 

32kHz 

33pF 

5-50pF 

1MHz 

33pF 

5-50pF 

2MHz 

25pF 

5-50pF 

4MHz 

22pF 

5-100pF 


Crystal Pullability 

Figure 4 shows the basic equivalent circuit for a crystal and 
its loading circuit. 


FIGURE 4. 

Where: C M = Motional Capacitance 
L m = Motional Inductance 
R m = Motional Resistance 
C 0 = Shunt Capacitance 

Cqj^ = — | 1 ^ — = Equivalent Crystal Load 

(q*q) 



Layout Considerations 

Due to the extremely low current (and therefore high imped- 
ance) the circuit board layout of the HA721 0 or HA721 1 must 
be given special attention. Stray capacitance should be min- 
imized. Keep the oscillator traces on a single layer of the 
PCB. Avoid putting a ground plane above or below this layer. 
The traces between the crystal, the capacitors, and the OSC 
pins should be as short as possible. Completely surround 
the oscillator components with a thick trace of V DD to mini- 
mize coupling with any digital signals. The final assembly 
must be free from contaminants such as solder flux, mois- 
ture, or any other potential source of leakage. A good solder 
mask will help keep the traces free of moisture and contami- 
nation overtime. 

Further Reading 

Al Little “HA7210 Low Power Oscillator: Micropower Clock 
Oscillator and Op Amps Provide System Shutdown for 
Battery Circuits”. Harris Semiconductor Application Note 
AN9317. 

Robert Rood “Improving Start-Up Time at 32KHz for the 
HA7210 Low Power Crystal Oscillator”. Harris Semiconductor 
Application Note AN9334. 

S. S. Eaton “Timekeeping Advances Through COS/MOS 
Technology”. Harris Semiconductor Application Note 
ICAN-6086. 

E. A. Vittoz et. al. “High-Performance Crystal Oscillator cir- 
cuits: Theory and Application”. IEEE Journal of Solid-State 
Circuits, Vol. 23, No3, June 1988, pp774-783. 

M. A. Unkrich et. al. “Conditions for Start-Up in Crystal Oscil- 
lators”. IEEE Journal of Solid-State Circuits, Vol. 17, Nol, 
Feb. 1982, pp87-90. 

Marvin E. Frerking “Crystal Oscillator Design and Tempera- 
ture Compensation”. New Ybrk: Van Nostrand-Reinhold, 
1 978. Pierce Oscillators Discussed pp56-75. 


If loading capacitance is connected to a Series Mode Crys- 
tal, the new Parallel Mode frequency of resonance may be 
calculated with the following equation: 



Where: F P = Parallel Mode Resonant Frequency 
F s = Series Mode Resonant Frequency 

In a similar way, the Series Mode resonant frequency may 
be calculated from a Parallel Mode crystal and then you may 
calculate how much the frequency will “pull” with a new load. 
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Die Characteristics 

DIE DIMENSIONS: 

68x64x 14 ± Imils 

METALLIZATION: 

Type: Si - Al 
Thickness: 10kA ± IkA 

GLASSIVATION: 

Type: Nitride (Si 3 N 4 ) Over Silox (Si0 2 , 3% Phos) 
Silox Thickness: 7kA ± 1 kA 
Nitride Thickness: 8kA ± 1 kA 

DIE ATTACH: 

Material: Silver Epoxy - Plastic DIP and SOIC 

SUBSTRATE POTENTIAL: V ss 

Metallization Mask Layout 


CRYSTAL (2) 


CRYSTAL (3) 



(7) FREQ 2 
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HA7210, HA7211 


Typical Performance Curves (Continued) 




7 8 9 

10 

11 

0 

1 
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FREQUENCY (MHz) 





FREQUENCY (MHz) 


FIGURE 11. SUPPLY CURRENT vs FREQUENCY FIGURE 12. SUPPLY CURRENT vs FREQUENCY 
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— 

+8V 





V CC = 






< 

o 

o 

+5V 





















+3V 

1 


4 5 6 7 8 9 10 11 

FREQUENCY (MHz) 

FIGURE 15. DISABLED SUPPLY CURRENT vs FREQUENCY 


0 100 200 300 400 500 600 700 800 900 10001100 

FREQUENCY (kHz) 

FIGURE 13. SUPPLY CURRENT vs FREQUENCY 
EN = 0, FI = 0, F2 = 0, C L = 18pF, GENERATORf (1 V P . P ) 



FIGURE 14. SUPPLY CURRENT vs FREQUENCY 
EN = 0, FI = 0, F2 = 1, C L = 18pF, GENERATORf (IVp.p) 



FREQUENCY (MHz) 

FIGURE 16. DISABLE SUPPLY CURRENT vs FREQUENCY 


t Refer to Test Circuit (Figure 1 ). 
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Typical Performance Curves (Continued) 



-100 -50 0 50 100 150 

TEMPERATURE (°C) 

FIGURE 23. DUTY CYCLE vs TEMPERATURE 


FI = F2 = 0, V DD = 5V, C L = 18pF, C 1 = C 2 = 0 



FIGURE 25. DUTY CYCLE vs FREQUENCY 



0 500 1000 1500 2000 2500 3000 3500 

FREQUENCY (kHz) 

FIGURE 27. DUTY CYCLE vs FREQUENCY 


t Refer to Test Circuit (Figure 1). 



-100 -50 0 50 100 150 


TEMPERATURE (°C) 

FIGURE 24. DUTY CYCLE vs TEMPERATURE 



0123456789 


FREQUENCY (MHz) 

FIGURE 26. DUTY CYCLE vs FREQUENCY 



0 50 100 150 200 


FREQUENCY (kHz) 

FIGURE 28. DUTY CYCLE vs FREQUENCY 
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Typical Performance Curves (Continued) 




TEMPERATURE (°C) 

FIGURE 31. RISE/FALL TIME vs TEMPERATURE 
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c c 

LU 

E 



TEMPERATURE (°C) 

FIGURE 30. EDGE JITTER vs TEMPERATURE 


150 



-50 


100 


0 50 

TEMPERATURE (°C) 

FIGURE 32. RISE/FALL TIME vs TEMPERATURE 


V CC = 5V, GENERATOR! (1 Vp.p) C L = 1 8pF, GENERATOR! (1 V P . P ) 



10 20 30 40 50 60 70 80 90 100 110 

2 

3 4 5 6 7 8 

9 

C L (pF) 


V cc (+VOLTS) 


FIGURE 33. RISE/FALL TIME vs C L 


FIGURE 34. RISE/FALL TIME vs V cc 


! Refer to Test Circuit (Figure 1). 
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Typical Performance Curves (continued) 

Vqd = 5V, Vec ss GND 
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SEMICONDUCTOR 


HFA3046, HFA3096, 
HFA3127, HFA3128 


July 1995 


Features 

• NPN Transistor (f T ) 8GHz 

• NPN Current Gain (h FE ) 70 

• NPN Early Voltage (V A ) 50V 

• PNP Transistor (f T ) 5.5GHz 

• PNP Current Gain (h FE ) 40 

• PNP Early Voltage (V A ) 25V 

• Noise Figure (50Q) at 1.0GHz 3.5dB 

• Collector-to-Collector Leakage <1 p A 

• Complete Isolation Between Transistors 

• Pin Compatible with Industry Standard 3XXX Series 
Arrays 


Applications 

• VHF/UHF Amplifiers 

• VHF/UHF Mixers 

• IF Converters 

• Synchronous Detectors 


Ultra High Frequency Transistor Array 


Description 

The HFA3046, HFA3096, HFA3127 and the HFA3128 are 
Ultra High Frequency Transistor Arrays that are fabricated 
from Harris Semiconductor’s complementary bipolar UHF-1 
process. Each array consists of five dielectrically isolated 
transistors on a common monolithic substrate. The NPN 
transistors exhibit a f T of 8GHz while the PNP transistors 
provide a f T of 5.5GHz. Both types exhibit low noise (3.5dB), 
making them ideal for high frequency amplifier and mixer 
applications. 

The HFA3046 and HFA3127 are all-NPN arrays while the 
HFA3128 has all PNP transistors. The HFA3096 is a NPN- 
PNP combination. Access is provided to each of the termi- 
nals for the individual transistors for maximum application 
flexibility. Monolithic construction of these transistor arrays 
provides close electrical and thermal matching of the five 
transistors. 

For PS PICE models, please request AnswerFAX document 
number 663046. Harris also provides an Application Note 
illustrating the use of these devices as RF amplifiers 
(request AnswerFAX document 99315). 

Ordering Information 

PART NUMBER PACKAGE 

HFA3046B 14 Lead Plastic SOIC (N) 

HFA3096B, HFA3127B, HFA3128B 16 Lead Plastic SOIC (N) 
HFA3046Y, HFA3096Y Die 

HFA3127Y, HFA3128Y Die 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 - . « 
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Specifications HFA3046, HFA3096, HFA3127, HFA3128 


Absolute Maximum Ratings 

Collector to Emitter Voltage (Open Base) 8.0V 

Collector to Base Voltage (Shorted Base) 12.0V 

Emitter to Base Voltage (Reverse Bias) 5.5V 

Collector Current 15.5mA 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range -55°C to +125°C 

Junction Temperature (Die) +175°C 

Junction Temperature (Plastic Package) +150°C 

Lead Temperature (Soldering 10s) (Lead Tips Only +300°C 


Thermal Information 


Thermal Resistance 0 JA 

Plastic 1 4 Lead SOIC Package 1 20°C/W 

Plastic 1 6 Lead SOIC Package 11 5°C/W 

Maximum Package Power Dissipation at +75°C 

Plastic 14 Lead SOIC Package 0.63W 

Plastic 16 Lead SOIC Package 0.66W 

Any One Transistor 0.1 5W 

Derating Factor Above +75°C 

Plastic 14 Lead SOIC Package 8.4mW/°C 

Plastic 16 Lead SOIC Package 8.7mW/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static NPN Characteristics at t a = + 25 °c 




B 1 ! 

I SOIC I 


PARAMETERS 

TEST CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Collector-to-Base Breakdown 

l c = lOOpA, l E = 0 

12 

18 

HiSi 

12 

18 


V 


Voltage, V( BR ) CB0 







Collector-to-Emitter Break- 
down Voltage, V (BR)CEO 

l c = lOOpA, l B = 0 

8 

12 

- 

8 

12 

Collector-to-Emitter Break- 
down Voltage, V( BR ) CES 

l c = lOOpA, Base Shorted to 
Emitter 

10 

20 

- 

10 

20 

Emitter-to-Base Breakdown 
Voltage, V( BR ) EB0 



6 

- 

5.5 


Collector-Cutoff-Current, I C eo 

V CE = 6V,I b = 0 

- 

2 

100 

- 

2 

Collector-Cutoff-Current, l CBO 

V cb = 8V, l E = 0 

- 

0.1 

10 

- 

0.1 

Collector-to-Emitter Saturation 

l c = 10mA, l B = 1mA 

- 

0.3 


- 

0.3 



v 


V 


V 


nA 

nA 

T 


Voltage, V CE(SAT) 

Base-to-Emitter Voltage, V BE I 

DC Forward-Current Transfer I 


c = 10mA 
c = 10mA 



Ratio, h FE V CE = 2V 


Early Voltage, V A 

l c = 1mA, V CE = 3.5V 

Base-to-Emitter Voltage Drift 

1 

c = 10mA 



Collector-to-Collector Leakage 





Dynamic NPN Characteristics at t a = + 25°c 


PARAMETERS 


Noise Figure 


f T Current Gain-Bandwidth 
Product 



Power Gain-Bandwidth 
Product, f MAX 


































































































Specifications HFA3046, HFA3096, HFA3127, HFA3128 


Static PNP Characteristics at t a = + 25 °c 


PARAMETERS 


Collector-to-Base Breakdown 
Voltage, V (BR)CB0 


Collector-to-Emitter Break- 
down Voltage, V (BR)CE0 


Collector-to-Emitter Break- 
down Voltage, V (BR)CES 


Emitter-to-Base Breakdown 
Voltage, V (BR)EB0 


Collector-Cutoff-Current, l CE0 


Collector-Cutoff-Current, l CB0 


Collector-to-Emitter Saturation 
Voltage, V CE(SAT) 


Base-to-Emitter Voltage, V BE 


DC Forward-Current Transfer 
Ratio, h FE 


Early Voltage, V A 


Base-to-Emitter Voltage Drift 


Collector-to-Collector Leakage 



nA 


nA 


V 


V 



Dynamic PNP Characteristics at t a = + 25 °c 


PARAMETERS 


Noise Figure 


f T Current Gain-Bandwidth 
Product 


Power Gain-Bandwidth 
Product 


Base-to-Emitter Capacitance 


Collector-to-Base Capacitance V CB = -3V 


TEST CONDITIONS 


f= 1.0GHz, V ce = -5V, 
Iq = -5mA, Z B = 50Q 


l c = -1mA, V CE = -5V 


l c = -10mA, V CE = -5V 



DIE 




SOIC 

TYP I MAX UNITS 



GHz 


GHz 


GHz 

fF 


fF 


Differential Pair Matching Characteristics for the HFA3046 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


Input Offset Voltage TC 


S-Parameter and PSPICE model data is available from Harris Sales Offices. 
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HFA3046, HFA3096, HFA3127, HFA3128 
Common Emitter S-Parameters of NPN 3[im x SO^im Transistor 


FREQ. (Hz) IS11I PHASE(SII) IS12I PHASE(S12) | IS21I PHASE(S21) | IS22I | PHASE(S22) 

V C e = 5V and l c = 5mA 

1.0E+08 0.83 -11.78 1.41E-02 78.88 11.07 168.57 0.97 -11.05 

2.0E+08 0.79 -22.82 2.69E-02 68.63 10.51 157.89 0.93 -21.35 

3.0E+08 0.73 -32.64 3.75E-02 59.58 9.75 148.44 0.86 -30.44 

4.0E+08 0.67 -41.08 4.57E-02 51.90 8.91 140.36 0.79 -38.16 

5.0E+08 0.61 -48.23 5.19E-02 45.50 8.10 133.56 0.73 -44.59 

6.0E+08 0.55 -54.27 5.65E-02 40.21 7.35 127.88 0.67 -49.93 

7.0E+08 0.50 -59.41 6.00E-02 35.82 6.69 123.10 0.62 -54.37 

8.0E+08 0.46 -63.81 6.27E-02 32.15 6.11 119.04 0.57 -58.10 

9.0E+08 0.42 -67.63 6.47E-02 29.07 5.61 115.57 0.53 -61.25 

1.0E+09 0.39 -70.98 6.63E-02 26.45 5.17 112.55 0.50 -63.96 

1.1E+09 0.36 -73.95 6.75E-02 24.19 4.79 109.91 0.47 -66.31 

1.2E+09 0.34 -76.62 6.85E-02 22.24 4.45 107.57 0.45 -68.37 

1.3E+09 0.32 -79.04 6.93E-02 20.53 4.15 105.47 0.43 -70.19 

1.4E+09 0.30 -81.25 7.00E-02 19.02 3.89 103.57 0.41 -71.83 

1.5E+09 0.28 -83.28 7.05E-02 17.69 3.66 101.84 0.40 -73.31 

1.6E+09 0.27 -85.17 7.10E-02 16.49 3.45 100.26 0.39 -74.66 

1.7E+09 0.25 -86.92 7.13E-02 15.41 3.27 98.79 0.38 -75.90 

1.8E+09 0.24 -88.57 7.17E-02 14.43 3.10 97.43 0.37 -77.05 

1.9E+09 0.23 -90.12 7.19E-02 13.54 2.94 96.15 0.36 -78.12 

2.0E+09 0.22 -91.59 7.21 E-02 12.73 2.80 94.95 0.35 -79.13 

2.1E+09 0.21 -92.98 7.23E-02 11.98 2.68 93.81 0.35 -80.09 

2.2E+09 0.20 -94.30 7.25E-02 11.29 2.56 92.73 0.34 -80.99 

2.3E+09 0.20 -95.57 7.27E-02 10.64 2.45 91.70 0.34 -81.85 

2.4E+09 0.19 -96.78 7.28E-02 10.05 2.35 90.72 0.33 -82.68 

2.5E+09 0.18 -97.93 7.29E-02 9.49 2.26 89.78 0.33 -83.47 

2.6E+09 0.18 -99.05 7.30E-02 8.96 2.18 88.87 0.33 -84.23 

2.7E+09 0.17 -100.12 7.31E-02 8.47 2.10 88.00 0.33 -84.97 

2.8E+09 0.17 -101.15 7.31E-02 8.01 2.02 87.15 0.33 -85.68 

2.9E+09 0.16 -102.15 7.32E-02 7.57 1.96 86.33 0.33 -86.37 

3.0E+09 0.16 -103.11 7.32E-02 7.16 1.89 85.54 0.33 -87.05 











































































































































































































































































HFA3046, HFA3096, HFA3127, HFA3128 


Common Emitter S-Parameters of NPN 3\im x 50\im Transistor (Continued) 


FREQ. (Hz) 

IS11I 

PHASE(SII) 

IS12I 

PHASE(S12) 

IS21I 

PHASE(S21) 

IS22I 

PHASE(S22) 

V CE = 5V and l c = 10mA 

1.0E+08 

0.72 

-16.43 

1 .27E-02 

75.41 

15.12 

165.22 

0.95 

-14.26 

2.0E+08 

0.67 

-31.26 

2.34E-02 

62.89 

13.90 

152.04 

0.88 

-26.95 

3.0E+08 

0.60 

-43.76 

3.13E-02 

52.58 

12.39 

141.18 

0.79 

-37.31 

4.0E+08 

0.53 

-54.00 

3.68E-02 

44.50 

10.92 

132.57 

0.70 

-45.45 

5.0E+08 

0.47 

-62.38 

4.05E-02 

38.23 

9.62 

125.78 

0.63 

-51.77 

6.0E+08 

0.42 

-69.35 

4.31 E-02 

33.34 

8.53 

120.37 

0.57 

-56.72 

7.0E+08 

0.37 

-75.26 

4.49E-02 

29.47 

7.62 

116.00 

0.51 

-60.65 

8.0E+08 

0.34 

-80.36 

4.63E-02 

26.37 

6.86 

112.39 

0.47 

-63.85 

9.0E+08 

0.31 

-84.84 

4.72E-02 

23.84 

6.22 

109.36 

0.44 

-66.49 

1 .0E+09 

0.29 

-88.83 

4.80E-02 

21.75 

5.69 

106.77 

0.41 

-68.71 

1.1E+09 

0.27 

-92.44 

4.86E-02 

20.00 

5.23 

104.51 

0.39 

-70.62 

1 .2E+09 

0.25 

-95.73 

4.90E-02 

18.52 

4.83 

102.53 

0.37 

-72.28 

1.3E+09 

0.24 

-98.75 

4.94E-02 

17.25 

4.49 

100.75 

0.35 

-73.76 

1.4E+09 

0.22 

-101.55 

4.97E-02 

16.15 

4.19 

99.16 

0.34 

-75.08 

1.5E+09 

0.21 

-104.15 

4.99E-02 

15.19 

3.93 

97.70 

0.33 

-76.28 

1.6E+09 

0.20 

-106.57 

5.01 E-02 

14.34 

3.70 

96.36 

0.32 

-77.38 

1.7E+09 

0.20 

-108.85 

5.03E-02 

13.60 

3.49 

95.12 

0.31 

-78.41 

1 .8E+09 

0.19 

-110.98 

5.05E-02 

12.94 

3.30 

93.96 

0.31 

-79.37 

1.9E+09 

0.18 

-113.00 

5.06E-02 

12.34 

3.13 

92.87 

0.30 

-80.27 

2.0E+09 

0.18 

-114.90 

5.07E-02 

11.81 

2.98 

91.85 

0.30 

-81.13 

2.1E+09 

0.17 

-116.69 

5.08E-02 

11.33 

2.84 

90.87 

0.30 

-81.95 

2.2E+09 

0.17 

-118.39 

5.09E-02 

10.89 

2.72 

89.94 

0.29 

-82.74 

2.3E+09 

0.16 

, -120.01 

5.10E-02 

10.50 

2.60 

89.06 

0.29 

-83.50 

2.4E+09 

0.16 

-121.54 

5.1 IE-02 

10.13 

2.49 

88.21 

0.29 

-84.24 

2.5E+09 

0.16 

-122.99 

5.12E-02 

9.80 

2.39 

87.39 

0.29 

-84.95 

2.6E+09 

0.15 

-124.37 

5.12E-02 

9.49 

2.30 

86.60 

0.29 

-85.64 

2.7E+09 

0.15 

-125.69 

5.13E-02 

9.21 

2.22 

85.83 

0.29 

-86.32 

2.8E+09 

0.15 

-126.94 

5.13E-02 

8.95 

2.14 

85.09 

0.29 

-86.98 

2.9E+09 

0.15 

-128.14 

5.14E-02 

8.71 

2.06 

84.36 

0.29 

-87.62 

3.0E+09 

0.14 

-129.27 

5.15E-02 

8.49 

1.99 

83.66 

0.29 

-88.25 


















































































































































































































































































HFA3046, HFA3096, HFA3127, HFA3128 



Common Emitter S-Parameters of PNP 3mm 2 x 50mm 2 Transistor 


FREQ. (Hz) 

IS11I 

PHASE(SII) 

IS21I 

PHASE(S21) 

IS12I 

PHASE(S12) 

IS22I 

PHASE(S22) 

V C e = -5V and l c = -5mA 

1.0E+08 

0.72 

-16.65 

10.11 

166.77 

1.66E-02 

77.18 

0.96 

-10.76 

2.0E+08 

0.68 

-32.12 

9.44 

154.69 

3.10E-02 

65.94 

0.90 

-20.38 

3.0E+08 

0.62 

-45.73 

8.57 

144.40 

4.23E-02 

56.39 

0.82 

-28.25 

4.0E+08 

0.57 

-57.39 

7.68 

135.95 

5.05E-02 

48.66 

0.74 

-34.31 

5.0E+08 

0.52 

-67.32 

6.86 

129.11 

5.64E-02 

42.52 

0.67 

-38.81 

6.0E+08 

0.47 

-75.83 

6.14 

123.55 

6.07E-02 

37.66 

0.61 

-42.10 

7.0E+08 

0.43 

-83.18 

5.53 

118.98 

6.37E-02 

33.79 

0.55 

-44.47 

8.0E+08 

0.40 

-89.60 

5.01 

115.17 

6.60E-02 

30.67 

0.51 

-46.15 

9.0E+08 

0.38 

-95.26 

4.56 

1 1 1 .94 

6.77E-02 

28.14 

0.47 

-47.33 

1.0E+09 

0.36 

-100.29 

4.18 

109.17 

6.91 E-02 

26.06 

0.44 

-48.15 

1.1E+09 

0.34 

-104.80 

3.86 

106.76 

7.01 E-02 

24.33 

0.41 

-48.69 

1 .2E+09 

0.33 

-108.86 

3.58 

104.63 

7.09E-02 

22.89 

0.39 

-49.05 

1.3E+09 

0.32 

-112.53 

3.33 

102.72 

7.16E-02 

21.67 

0.37 

-49.26 

1 .4E+09 

0.30 

-115.86 

3.12 

101.01 

7.22E-02 

20.64 

0.36 

-49.38 

1 .5E+09 

0.30 

-118.90 

2.92 

99.44 

7.27E-02 

19.76 

0.34 

-49.43 

1.6E+09 

0.29 

-121.69 

2.75 

98.01 

7.32E-02 

19.00 

0.33 

-49.44 

1.7E+09 

0.28 

-124.24 

2.60 

96.68 

7.35E-02 

18.35 

0.32 

-49.43 

1.8E+09 

0.28 

-126.59 

2.47 

95.44 

7.39E-02 

17.79 

0.31 

-49.40 

1.9E+09 

0.27 

-128.76 

2.34 

94.29 

7.42E-02 

17.30 

0.30 

-49.38 

2.0E+09 

0.27 

-130.77 

2.23 

93.19 

7.45E-02 

16.88 

0.30 

-49.36 

2.1E+09 

0.26 

-132.63 

2.13 

92.16 

7.47E-02 

16.52 

0.29 

-49.35 

2.2E+09 

0.26 

-134.35 

2.04 

91.18 

7.50E-02 

16.20 

0.28 

-49.35 

2.3E+09 

0.26 

-135.96 

1.95 

90.24 

7.52E-02 

15.92 

0.28 

-49.38 

2.4E+09 

0.25 

-137.46 

1.87 

89.34 

7.55E-02 

15.68 

0.28 

-49.42 

2.5E+09 

0.25 

-138.86 

1.80 

88.48 

7.57E-02 

15.48 

0.27 

-49.49 

2.6E+09 

0.25 

-140.17 

1.73 

87.65 

7.59E-02 

15.30 

0.27 

-49.56 

2.7E+09 

0.25 

-141.39 

1.67 

86.85 

7.61 E-02 

15.15 

0.26 

-49.67 

2.8E+09 

0.25 

-142.54 

1.61 

86.07 

7.63E-02 

15.01 

0.26 

-49.81 

2.9E+09 

0.24 

-143.62 

1.56 

85.31 

7.65E-02 

14.90 

0.26 

-49.96 

3.0E+09 

0.24 

-144.64 

1.51 

84.58 

7.67E-02 

14.81 

0.26 

-50.13 
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HFA3046, HFA3096, HFA3127, HFA3128 


Common Emitter S-Parameters of PNP 3mm 2 x 50mm 2 Transistor (Continued) 


FREQ. (Hz) 

IS11I 

PHASE(SII) 

IS21I 

PHASE(S21) 

IS12I 

PHASE(S12) 

IS22I 

PHASE(S22) 

V ce = -5V, l c = 

= -10mA 








1.0E+08 

0.58 

-23.24 

13.03 

163.45 

1 .43E-02 

73.38 

0.93 

-13.46 

2.0E+08 

0.53 

-44.07 

11.75 

149.11 

2.58E-02 

60.43 

0.85 

-24.76 

3.0E+08 

0.48 

-61.50 

10.25 

137.78 

3.38E-02 

50.16 

0.74 

-33.10 

4.0E+08 

0.43 

-75.73 

8.88 

129.12 

3.90E-02 

42.49 

0.65 

-38.83 

5.0E+08 

0.40 

-87.36 

7.72 

122.49 

4.25E-02 

36.81 

0.58 

-42.63 

6.0E+08 

0.37 

-96.94 

6.78 

117.33 

4.48E-02 

32.59 

0.51 

-45.07 

7.0E+08 

0.35 

-104.92 

6.01 

113.22 

4.64E-02 

29.39 

0.47 

-46.60 

8.0E+08 

0.33 

-111.64 

5.39 

109.85 

4.76E-02 

26.94 

0.43 

-47.49 

9.0E+08 

0.32 

-117.36 

4.87 

107.05 

4.85E-02 

25.04 

0.40 

-47.97 

1.0E+09 

0.31 

-122.27 

4.44 

104.66 

4.92E-02 

23.55 

0.37 

-48.18 

1.1E+09 

0.30 

-126.51 

4.07 

102.59 

4.97E-02 

22.37 

0.35 

-48.20 

1.2E+09 

0.30 

-130.21 

3.76 

100.76 

5.02E-02 

21.44 

0.33 

-48.11 

1 .3E+09 

0.29 

-133.46 

3.49 

99.14 

5.06E-02 

20.70 

0.32 

-47.95 

1 .4E+09 

0.29 

-136.33 

3.25, 

97.67 

5.09E-02 

20.11 

0.31 

-47.77 

1 .5E+09 

0.28 

-138.89 

3.05 

96.33 

5.12E-02 

19.65 

0.30 

-47.58 

1 .6E+09 

0.28 

-141.17 

2.87 

95.10 

5.15E-02 

19.29 

0.29 

-47.39 

1 .7E+09 

0.28 

-143.21 

2.70 

93.96 

5.18E-02 

19.01 

0.28 

-47.23 

1.8E+09 

0.28 

-145.06 

2.56 

92.90 

5.21 E-02 

18.80 

0.27 

-47.09 

1.9E+09 

0.27 

-146.73 

2.43 

91.90 

5.23E-02 

18.65 

0.27 

-46.98 

2.0E+09 

0.27 

-148.26 

2.31 

90.95 

5.26E-02 

18.55 

0.26 

-46.91 

2.1E+09 

0.27 

-149.65 

2.20 

90.05 

5.28E-02 

18.49 

0.26 

-46.87 

2.2E+09 

0.27 

-150.92 

2.10 

89.20 

5.30E-02 

18.46 

0.25 

-46.87 

2.3E+09 

0.27 

-152.10 

2.01 

88.37 

5.33E-02 

18.47 

0.25 

-46.90 

2.4E+09 

0.27 

-153.18 

1.93 

87.59 

5.35E-02 

18.50 

0.25 

-46.97 

2.5E+09 

0.27 

-154.17 

1.86 

86.82 

5.38E-02 

18.55 

0.24 

-47.07 

2.6E+09 

0.26 

-155.10 

1.79 

86.09 

5.40E-02 

18.62 

0.24 

-47.18 

2.7E+09 

0.26 

-155.96 

1.72 

85.38 

5.42E-02 

18.71 

0.24 

-47.34 

2.8E+09 

0.26 

-156.76 

1.66 

84.68 

5.45E-02 

18.80 

0.24 

-47.55 

2.9E+09 

0.26 

-157.51 

1.60 

84.01 

5.47E-02 

18.91 

0.24 

-47.76 

3.0E+09 

0.26 

-158.21 

1.55 

83.35 

5.50E-02 

19.03 

0.23 

-48.00 


















































































































































































































































































HFA3046, HFA3096, HFA3127, HFA3128 


Die Characteristics 

PROCESS: 

UHF-1 

DIE DIMENSIONS: 

53 x 52 x 1 9 ± 1 mils 
1340|nm x 1320pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 
Thickness: Metal 1 : 8kA ± 0.4kA Thickness: Metal 2: 1 6kA ± 0.8kA 

GLASSI VATION : 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy 

WORST CASE CURRENT DENSITY: 

1.39 x 10 5 A/cm 2 

Metallization Mask Layout 


HFA3096, HFA3127, HFA3128 


[Z] DU E 3 EH 


0 

0 

0 

0 

0 

0 

0 

0 

0000 



0000 


0 

0 

0 

0 

0 

0 

0 

0 

0000 



Pad numbers correspond to package part pin out. 
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HFA3046, HFA3096, HFA3127, HFA3128 


Typical Performance Curves 



1 2 3 4 5 

COLLECTOR TO EMITTER VOLTAGE (V) 


FIGURE 1. NPN COLLECTOR CURRENT vs COLLECTOR TO 
EMITTER VOLTAGE 



In 10n 100n 1m 10m 100m 

COLLECTOR CURRENT (A) 

FIGURE 3. NPN DC CURRENT GAIN vs COLLECTOR CURRENT 



BASE TO EMITTER VOLTAGE (V) 


FIGURE 2. NPN COLLECTOR CURRENT AND BASE CURRENT 
TO EMITTER VOLTAGE 



COLLECTOR CURRENT (mA) 

FIGURE 4. NPN GAIN BANDWIDTH PRODUCT vs COLLECTOR 
CURRENT (UHF 3 x 50 WITH BOND PADS) 



COLLECTOR TO EMITTER VOLTAGE (V) 


FIGURE 5. PNP COLLECTOR CURRENT vs COLLECTOR TO 
EMITTER VOLTAGE 



BASE TO EMITTER VOLTAGE (V) 

FIGURE 6. PNP COLLECTOR CURRENT AND BASE CURRENT 
TO EMITTER VOLTAGE 





DC CURRENT GAIN 


HFA3046, HFA3096, HFA3127, HFA3128 


Typical Performance Curves (Continued) 


160 
140 
120 
100 
80 
60 
40 
20 
0 

-In -10n -100n -1m -10m -100m 

COLLECTOR CURRENT (A) 

FIGURE 7. PNP DC CURRENT GAIN vs COLLECTOR 
CURRENT 
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SEMICONDUCTOR 


HFA3101 


July 1995 

Features 

• High Gain Bandwidth Product (f T ) 10GHz 

• High Power Gain Bandwidth Product 5GHz 

• Current Gain (h FE ) Typically 70 

• Low Noise Figure (Transistor) 3.5dB 

• Excellent h FE and V BE Matching 

• Low Collector Leakage Current <0.01 nA 


• Pin-to-Pin Compatible to UPA1 01 

Applications 

• Balanced Mixers 

• Multipliers 

• Demodulators/Modulators 

• Automatic Gain Control Circuits 

• Phase Detectors 

• Fiber Optic Signal Processing 

• Wireless Communication Systems 

• Wide Band Amplification Stages 

• Radio and Satellite Communications 

• High Performance Instrumentation 


Gilbert Cell UHF Transistor Array 


Description 

The HFA3101 is an all NPN transistor array configured as a 
Multiplier Cell. Based on Harris bonded wafer UHF-1 SOI 
process, this array achieves very high f T (10GHz) while 
maintaining excellent h FE and V BE matching characteristics 
that have been maximized through careful attention to circuit 
design and layout, making this product ideal for communica- 
tion circuits. For use in mixer applications, the cell provides 
high gain and good cancellation of 2nd order distortion 
terms. 


Ordering Information 


PART NUMBER 

PACKAGE 

HFA3101Y 

DIE 

HFA3101B 

8 Lead Plastic SOIC (N) 

HFA3101B96 

8 Lead Plastic SOIC (N) - Tape and Reel 


Pinout 


HFA3101 (SOIC) 

TOP VIEW 


R FI R R 



TdETEnET 


NOTE: Q5 and Q6 - 2 Paralleled 3pm x 50pm Transistors 
Q1 , Q2, Q3, Q4 - Single 3pm x 50|im Transistors 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 g 20 


File Number 3663.2 







Specifications HFA3101 


Absolute Maximum Ratings 


Thermal Information 


V C eo> Collector to Emitter Voltage 8.0V Thermal Resistance 0ja 

V CB0 , Collector to Base Voltage 12.0V Plastic 8 Lead SOIC Package 1 85°C/W 

V EB0 , Emitter to Base Voltage .5.5V Maximum Package Power Dissipation at +75°C 


, Collector Current 30mA 


Plastic 8 Lead SOIC Package . 


T S tg, Storage Temperature Range -65°C to +150°C Derating Factor Above +75°C 


Operating Temperature Range -40°C to +85°C Plastic 8 Lead SOIC Package 5.4mW/°C 

Tj, Junction Temperature (DIE) +175°C 

T J( Junction Temperature (Plastic Package) +150°C 

Lead Temperature (Soldering 10s) (Lead Tips Only) +300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications at + 25 °c 



TEST CONDITIONS 


(NOTE 1) 

TEST 

LEVEL 


ALL GRADES 


Collector-to-Base Breakdown Voltage, V( BR)CBO , 
Q1 thru Q6 


Collector-to-Emitter Breakdown Voltage, V( BR ) CE0 , 
Q5 and Q6 


Emitter-to-Base Breakdown Voltage, V (BR)EB0 , 
Q1 thru Q6 


Collector Cutoff Current, l CB0 , Q1 thru Q4 


Emitter Cutoff Current, l EB0 , Q5 and Q6 


DC Current Gain, h FE , Q1 thru Q6 


Collector-to-Base Capacitance, C CB 


Emitter-to-Base Capacitance, C EB 


Current Gain-Bandwidth Product, f T 


Power Gain-Bandwidth Product, f MAX 


Q1 thru Q4 V CB = 5V, f = 1 MHz 
Q5 and Q6 


Q1 thru Q4 V EB = 0,f=1MHz 
Q5 and Q6 


Q1 thru Q4 
Q5 and Q6 


Q1 thru Q4 
Q5 and Q6 


Available Gain at Minimum Noise Figure, Onfmin> 
Q5 and Q6 


Minimum Noise Figure, NF M)N , Q5 and Q6 


500 Noise Figure, NF 50n , Q5 and Q6 


DC Current Gain Matching, h FE1 /h FE2 , Q1 and Q2, 
Q3 and Q4, and Q5 and Q6 


Input Offset Voltage, V Q s. (Q1 and Q2), (Q3 and Q4), 
(Q5 and Q6) 


Input Offset Current, l c , (Q1 and Q2), (Q3 and Q4), 
(Q5 and Q6) 


Input Offset Voltage TC, dV 0 s/dT, (Q1 and Q2, Q3 and 
Q4, Q5 and Q6) 


Collector-to-Collector Leakage, Itrench-leakage I av test = 5V 


V 


V 


V 


nA 


nA 




NOTE: 

1 . Test Level: A. Production Tested, B. Guaranteed Limit or Typical Based on Characterization, C. Design Typical for Information Only. 


9-27 


SPECIAL ANALOG 
CIRCUITS 

















































































































HFA3101 


PSPiCE Model for a 3\im x 50\im Transistor 



+ (IS = 1.840E-16 

XTI = 3.000E+00 

EG = 1.110E+00 

VAF = 7.200E+01 

+ VAR = 4.500E+00 

BF = 1 .036E+02 

ISE = 1 .686E-19 

NE = 1.400E+00 

+ IKF = 5.400E-02 

XTB = 0. OOOE+OO 

BR = 1.000E+01 

ISC = 1.605E-14 

+ NC= 1.800E+00 

IKR = 5.400E-02 

RC = 1 .140E+01 

CJC = 3.980E-13 

+ MJC = 2.400E-01 

VJC = 9.700E-01 

FC = 5.000E-01 

CJE = 2.400E-13 

+ MJE = 5.100E-01 

VJE = 8.690E-01 

TR = 4.000E-09 

TF = 10.51E-12 

+ ITF = 3.500E-02 

XTF = 2.300E+00 

VTF = 3.500E+00 

PTF = 0. OOOE+OO 

+ XCJC = 9.000E-01 

CJS = 1.689E-13 

VJS = 9.982E-01 

MJS = 0. OOOE+OO 

+ RE = 1.848E+00 

RB = 5.007E+01 

RBM = 1.974E+00 

KF = 0. OOOE+OO 

+ AF = 1 .OOOE+OO) 





Common Emitter S-Parameters of 3]±m x 50\im Transistor 


FREQ. (Hz) 

IS11I 

PHASE(SII) 

IS12I 

PHASE(S12) 

IS21I 

PHASE(S21) 

IS22I 

PHASE(S22) 

r CE = 5V and 1 

c = 5mA 








1.0E+08 

0.83 

-11.78 

1.41E-02 

78.88 

11.07 

168.57 

0.97 

-11.05 

2.0E+08 

0.79 

-22.82 

2.69E-02 

68.63 

10.51 

157.89 

0.93 

-21.35 

3.0E+08 

0.73 

-32.64 

3.75E-02 

59.58 

9.75 

148.44 

0.86 

-30.44 

4.0E+08 

0.67 

-41.08 

4.57E-02 

51.90 

8.91 

140.36 

0.79 

-38.16 

5.0E+08 

0.61 

-48.23 

5.19E-02 

45.50 

8.10 

133.56 

0.73 

-44.59 

6.0E+08 

0.55 

-54.27 

5.65E-02 

40.21 

7.35 

127.88 

0.67 

-49.93 

7.0E+08 

0.50 

-59.41 

6.00E-02 

35.82 

6.69 

123.10 

0.62 

-54.37 

8.0E+08 

0.46 

-63.81 

6.27E-02 

32.15 

6.11 

119.04 

0.57 

-58.10 

9.0E+08 

0.42 

-67.63 

6.47E-02 

29.07 

5.61 

115.57 

0.53 

-61.25 

1.0E+09 

0.39 

-70.98 

6.63E-02 

26.45 

5.17 

112.55 

0.50 

-63.96 

1.1E+09 

0.36 

-73.95 

6.75E-02 

24.19 

4.79 

109.91 

0.47 

-66.31 

1.2E+09 

0.34 

-76.62 

6.85E-02 

22.24 

4.45 

107.57 

0.45 

-68.37 

1 .3E+09 

0.32 

-79.04 

6.93E-02 

20.53 

4.15 

105.47 

0.43 

-70.19 

1 .4E+09 

0.30 

-81.25 

7.00E-02 

19.02 

3.89 

103.57 

0.41 

-71.83 

1.5E+09 

0.28 

-83.28 

7.05E-02 

17.69 

3.66 

101.84 

0.40 

-73.31 

1.6E+09 

0.27 

-85.17 

7.10E-02 

16.49 

3.45 

100.26 

0.39 

-74.66 

1 .7E+09 

0.25 

-86.92 

7.13E-02 

15.41 

3.27 

98.79 

0.38 

-75.90 

1 .8E+09 

0.24 

-88.57 

7.17E-02 

14.43 

3.10 

97.43 

0.37 

-77.05 

1.9E+09 

0.23 

-90.12 

7.19E-02 

13.54 

2.94 

96.15 

0.36 

-78.12 

2.0E+09 

0.22 

-91.59 

7.21 E-02 

12.73 

2.80 

94.95 

0.35 

-79.13 

2.1E+09 

0.21 

-92.98 

7.23E-02 

11.98 

2.68 

93.81 

0.35 

-80.09 

2.2E+09 

0.20 

-94.30 

7.25E-02 

11.29 

2.56 

92.73 

0.34 

-80.99 

2.3E+09 

0.20 

-95.57 

7.27E-02 

10.64 

2.45 

91.70 

0.34 

-81.85 

2.4E+09 

0.19 

-96.78 

7.28E-02 

10.05 

2.35 

90.72 

0.33 

-82.68 

2.5E+09 

0.18 

-97.93 

7.29E-02 

9.49 

2.26 

89.78 

0.33 

-83.47 

2.6E+09 

0.18 

-99.05 

7.30E-02 

8.96 

2.18 

88.87 

0.33 

-84.23 
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Common Emitter S-Parameters of 3[im x 50[im Transistor (Continued) 

FREQ. (Hz) IS11I PHASE(SII) IS12I PHASE(S12) IS21I PHASE(S21) IS22I PHASE(S22) 

2.7E+09 0.17 -100.12 7.31E-02 8.47 2.10 88.00 0.33 -84.97 

2.8E+09 0.17 -101.15 7.31E-02 8.01 2.02 87.15 0.33 -85.68 

2.9E+09 0.16 -102.15 7.32E-02 7.57 1.96 86.33 0.33 -86.37 

3.0E+09 0.16 -103.11 7.32E-02 7.16 1.89 85.54 0.33 -87.05 

V C e = 5V and l c = 10mA 

1.0E+08 0.72 -16.43 1.27E-02 75.41 15.12 165.22 0.95 -14.26 

2.0E+08 0.67 -31.26 2.34E-02 62.89 13.90 152.04 0.88 -26.95 

3.0E+08 0.60 -43.76 3.13E-02 52.58 12.39 141.18 0.79 -37.31 

4.0E+08 0.53 -54.00 3.68E-02 44.50 10.92 132.57 0.70 -45.45 

5.0E+08 0.47 -62.38 4.05E-02 38.23 9.62 125.78 0.63 -51.77 

6.0E+08 0.42 -69.35 4.31 E-02 33.34 8.53 120.37 0.57 -56.72 

7.0E+08 0.37 -75.26 4.49E-02 29.47 7.62 116.00 0.51 -60.65 

8.0E+08 0.34 -80.36 4.63E-02 26.37 6.86 112.39 0.47 -63.85 

9.0E+08 0.31 -84.84 4.72E-02 23.84 6.22 109.36 0.44 -66.49 

1.0E+09 0.29 -88.83 4.80E-02 21.75 5.69 106.77 0.41 -68.71 

1.1E+09 0.27 -92.44 4.86E-02 20.00 5.23 104.51 0.39 -70.62 

1.2E+09 0.25 -95.73 4.90E-02 18.52 4.83 102.53 0.37 -72.28 

1.3E+09 0.24 -98.75 4.94E-02 17.25 4.49 100.75 0.35 -73.76 

1.4E+09 0.22 -101.55 4.97E-02 16.15 4.19 99.16 0.34 -75.08 

1.5E+09 0.21 -104.15 4.99E-02 15.19 3.93 97.70 0.33 -76.28 

1.6E+09 0.20 -106.57 5.01 E-02 14.34 3.70 96.36 0.32 -77.38 

1.7E+09 0.20 -108.85 5.03E-02 13.60 3.49 95.12 0.31 -78.41 

1.8E+09 0.19 -110.98 5.05E-02 12.94 3.30 93.96 0.31 -79.37 

1.9E+09 0.18 -113.00 5.06E-02 12.34 3.13 92.87 0.30 -80.27 

2.0E+09 0.18 -114.90 5.07E-02 11.81 2.98 91.85 0.30 -81.13 

2.1E+09 0.17 -116.69 5.08E-02 11.33 2.84 90.87 0.30 -81.95 

2.2E+09 0.17 -118.39 5.09E-02 10.89 2.72 89.94 0.29 -82.74 

2.3E+09 0.16 -120.01 5.10E-02 10.50 2.60 89.06 0.29 -83.50 

2.4E+09 0.16 -121.54 5.1 IE-02 10.13 2.49 88.21 0.29 -84.24 

2.5E+09 0.16 -122.99 5.12E-02 9.80 2.39 87.39 0.29 -84.95 

2.6E+09 0.15 -124.37 5.12E-02 9.49 2.30 86.60 0.29 -85.64 

2.7E+09 0.15 -125.69 5.13E-02 9.21 2.22 85.83 0.29 -86.32 

2.8E+09 0.15 -126.94 5.13E-02 8.95 2.14 85.09 0.29 -86.98 

2.9E+09 0.15 -128.14 5.14E-02 8.71 2.06 84.36 0.29 -87.62 

3.0E+09 0.14 -129.27 5.15E-02 8.49 1.99 83.66 0.29 -88.25 
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Die Characteristics 

PROCESS 

UHF-1 

DIE DIMENSIONS: 

53 x 52 x 14 ±1mils 

1 340pm x 1 320pm x 355.6pm ± 25.4pm 

METALLIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: 


Type: Metal 2: AICu(2%) 


Thickness: Metal 1: 8kA ± 0.5kA Thickness: Metal 2: 16kA ±0.8kA 

GLASSIVATION: 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy 

WORST CASE CURRENT DENSITY: 

1.3636 x 10 5 A/cm 2 


Metallization Mask Layout 
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Application Information 

The HFA3101 array is a very versatile RF Building block. It 
has been carefully laid out to improve its matching properties, 
bringing the distortion due to area mismatches, thermal dis- 
tribution, betas and ohmic resistances to a minimum. 

The cell is equivalent to two differential stages built as two 
“variable transconductance multipliers” in parallel, with their 
outputs cross coupled. This configuration is well known in the 
industry as a Gilbert Cell which enables a four quadrant mul- 
tiplication operation. 

Due to the input dynamic range restrictions for the input lev- 
els at the upper quad transistors and lower tail transistors, the 
HFA3101 cell has restricted use as a linear four quadrant 
multiplier. However, its configuration is well suited for uses 
where its linear response is limited to one of the inputs only, 
as in modulators or mixer circuit applications. Examples of 
these circuits are up converters, down converters, frequency 
doublers and frequency/phase detectors. 

Although linearization is still an issue for the lower pair input, 
emitter degeneration can be used to improve the dynamic 
range and consequent linearity. The HFA3101 has the lower 
pair emitters brought to external pins for this purpose. 

In modulators applications, the upper quad transistors are 
used in a switching mode where the pairs Q1/Q2 and Q3/Q4 
act as non saturating high speed switches. These switches 
are controlled by the signal often referred as the carrier input. 
The signal driving the lower pair Q5/Q6 is commonly used as 
the modulating input. This signal can be linearly transferred 
to the output by either the use of low signal levels (Well below 
the thermal voltage of 26mV) or by the use of emitter degen- 
eration. The chopped waveform appearing at the output of 
the upper pair (Q1 to Q4) resembles a signal that is multiplied 
by +1 or -1 at every half cycle of the switching waveform. 



Figure 6 shows the typical input waveforms where the fre- 
quency of the carrier is higher than the modulating signal. 
The output waveform shows a typical suppressed carrier out- 
put of an up converter or an AM signal generator. 

Carrier suppression capability is a property of the well known 
Balanced modulator in which the output must be zero when 
one or the other input (carrier or modulating signal) is equal to 
zero, however, at very high frequencies, high frequency mis- 
matches and AC offsets are always present and the suppres- 
sion capability is often degraded causing carrier and 
modulating feedthrough to be present. 

Being a frequency translation circuit, the balanced modulator 
has the properties of translating the modulating frequency 
(co M ) to the carrier frequency (coq), generating the two side 
bands coy = coq + co M and co L = coq - to M . Figure 7 shows some 
translating schemes being used by balanced mixers. 



FIGURE 7A. UP CONVERSION OR SUPPRESSED CARRIER AM 


m 




FIGURE 7B. DOWN CONVERSION 



FIGURE 7C. ZERO IF OR DIRECT DOWN CONVERSION 


FIGURE 6. TYPICAL MODULATOR SIGNALS 


FIGURE 7. MODULATOR FREQUENCY SPECTRUM 
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The use of the HFA3101 as modulators has several advan- 
tages when compared to its counterpart, the diode double- 
balanced mixer, in which it is required to receive enough 
energy to drive the diodes into a switching mode and has 
also some requirements depending on the frequency range 
desired, of different transformers to suit specific frequency 
responses. The HFA3101 requires very low driving capabili- 
ties for its carrier input and its frequency response is limited 
by the F T of the devices, the design and the layout tech- 
niques being utilized. 

Up conversion uses, for UHF transmitters for example, can be 
performed by injecting a modulating input in the range of 
45MHz to 130MHz that carries the information often called IF 
(Intermediate frequency) for up conversion (The IF signal has 
been previously modulated by some modulation scheme from 
a baseband signal of audio or digital information) and by inject- 
ing the signal of a local oscillator of a much higher frequency 
range from 600MHz to 1 .2GHz into the carrier input. Using the 
example of a 850MHz carrier input and a 70MHz IF, the output 
spectrum will contain a upper side band of 920MHz, a lower 
side band of 780MHz and some of the carrier (850MHz) and IF 
(70MHz) feedthrough. A Band pass filter at the output can 
attenuate the undesirable signals and the 920MHz signal can 
be routed to a transmitter RF power amplifier. 

Down conversion, as the name implies, is the process used 
to translate a higher frequency signal to a lower frequency 
range conserving the modulation information contained in 
the higher frequency signal. One very common typical down 
conversion use for example, is for superheterodyne radio 
receivers where a translated lower frequency often referred 
as intermediate frequency (IF) is used for detection or 
demodulation of the baseband signal. Other application uses 
include down conversion for special filtering using frequency 
translation methods. 

An oscillator referred as the local oscillator (LO) drives the 
upper quad transistors of the cell with a frequency called 
co c . The lower pair is driven by the RF signal of frequency 
go m to be translated to a lower frequency IF. The spectrum of 
the IF output will contain the sum and difference of the fre- 
quencies CD C and co M . Notice that the difference can become 
negative when the frequency of the local oscillator is lower 
than the incoming frequency and the signal is folded back as 
in Figure 7. 

NOTE: The acronyms RF, IF and LO are often interchanged in the 
industry depending on the application of the cell as mixers or 
modulators. The output of the cell also contains multiples of the 
frequency of the signal being fed to the upper quad pair of transistors 
because of the switching action equivalent to a square wave 
multiplication. In practice, however, not only the odd multiples in the 
case of a symmetrical square wave but some of the even multiples 
will also appear at the output spectrum due to the nature of the actual 
switching waveform and high frequency performance. By-products of 
the form M*C0 c + N*(D M with M and N being positive or negative 
integers are also expected to be present at the output and their levels 
are carefully examined and minimized by the design. This distortion 
is considered one of the figures of merit for a mixer application. 

The process of frequency doubling is also understood by 
having the same signal being fed to both modulating and 
carrier ports. The output frequency will be the sum of co c and 
co M which is equivalent to the product of the input frequency 


by 2 and a zero Hz or DC frequency equivalent to the differ- 
ence of co c and co M . Figure 7 also shows one technique in 
use today where a process of down conversion named zero 
IF is made by using a local oscillator with a very pure signal 
frequency equal to the incoming RF frequency signal that 
contains a baseband (audio or digital signal) modulation. 
Although complex, the extraction or detection of the signal is 
straightforward. 

Another useful application of the HFA3101 is its use as a 
high frequency phase detector where the two signals are fed 
to the carrier and modulation ports and the DC information is 
extracted from its output. In this case, both ports are utilized 
in a switching mode or overdrive, such that the process of 
multiplication takes place in a quasi digital form (2 square 
waves). One application of a phase detector is frequency or 
phase demodulation where the FM signal is split before the 
modulating and carrier ports. The lower input port is always 
90 degrees apart from the carrier input signal through a high 
Q tuned phase shift network. The network, being tuned for a 
precise 90 degrees shift at a nominal frequency, will set the 
two signals 90 degrees apart and a quiescent output DC level 
will be present at the output. When the input signal is fre- 
quency modulated, the phase shift of the signal coming from 
the network will deviate from 90 degrees proportional to the 
frequency deviation of the FM signal and a DC variation at 
the output will take place, resembling the demodulated FM 
signal. 

The HFA3101 could also be used for quadrature detection, 
(l/Q demodulation), AGC control with limited range, low level 
multiplication to name a few other applications. 

Biasing 

Various biasing schemes can be employed for use with the 
HFA3101. Figure 8 shows the most common schemes. The 
biasing method is a choice of the designer when cost, ther- 
mal dependence, voltage overheads and DC balancing 
properties are taken into consideration. 

Figure 8A shows the simplest form of biasing the HFA3101. 
The current source required for the lower pair is set by the 
voltage across the resistor Rbias ,ess a Vbe drop of the lower 
transistor. To increase the overhead, collector resistors are 
substituted by a RF choke as the upper pair functions as a 
current source for AC signals. The bases of the upper and 
lower transistors are biased by RBI and RB2 respectively. 
The voltage drop across the resistor R2 must be higher than 
a V BE with an increase sufficient to assure that the collector to 
base junctions of the lower pair are always reverse biased. 
Notice that this same voltage also sets the V CE of operation of 
the lower pair which is important for the optimization of gain. 
Resistors R EE are nominally zero for applications where the 
input signals are well below 25mV peak. Resistors R EE are 
used to increase the linearity of the circuit upon higher level 
signals. The drop across R EE must be taken into consider- 
ation when setting the current source value. 

Figure 8B depicts the use of a common resistor sharing the 
current through the cell which is used for temperature com- 
pensation as the lower pair V BE drop at the rate of -2mV/°C. 

Figure 8C uses a split supply. 
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FIGURE 8A. FIGURE 8B. FIGURE 80. 

FIGURE 8. 


Design Example: Down Converter Mixer 

Figure 9 shows an example of a low cost mixer for cellular 
applications. 


v C c 



FIGURE 9. 3V DOWN CONVERTER APPLICATION 

The design flexibility of the HFA3101 is demonstrated by a 
low cost, and low voltage mixer application at the 900MHz 
range. The choice of good quality chip components with their 
self resonance outside the boundaries of the application are, 
important. The design has been optimized to accommodate 


the evaluation of the same layout for various quiescent cur- 
rent values and lower supply voltages. The choice of R E 
became important for the available overhead and also for 
maintaining an AC true impedance for high frequency sig- 
nals. The value of 27Q has been found to be the optimum 
minimum for the application. The input impedances of the 
HFA3101 base input ports are high enough to permit their 
termination with 50Q resistors. Notice the AC termination by 
decoupling the bias circuit through good quality capacitors. 

The choice of the bias has been related to the available 
power supply voltage with the values of R1, R2 and Rbias 
splitting the voltages for optimum V CE values. For evaluation 
of the cell quiescent currents, the voltage at the emitter 
resistor R E has been recorded. 

The gain of the circuit, being a function of the load and the 
combined emitter resistances at high frequencies have been 
kept to a maximum by the use of an output match network. 
The high output impedance of the HFA3101 permits broad- 
band match if so desired at 50Q (R L = 50Q to 2k£2) as well 
as with tuned medium Q matching networks (L, T etc.). 

Stability 

The cell, by its nature, has very high gain and precautions 
must be taken to account for the combination of signal 
reflections, gain, layout and package parasitics. The rule of 
thumb of avoiding reflected waves must be observed. It is 
important to assure good matching between the mixer stage 
and its front end. Laboratory measurements have shown 
some susceptibility for oscillation at the upper quad transis- 
tors input. Any LO prefiltering has to be designed such the 
return loss is maintained within acceptable limits specially at 
high frequencies. Typical off the shelf filters exhibits very 
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poor return loss for signals outside the passband. It is sug- 
gested that a “pad” or a broadband resistive network be 
used to interface the LO port with a filter. The inclusion of a 
parallel 2K resistor in the load decreases the gain slightly 
which improves the stability factor and also improves the dis- 
tortion products (output intermodulation or 3rd order inter- 
cept). The employment of good RF techniques shall suffice 
the stability requirements. 

Evaluation 

The evaluation of the HFA3101 in a mixer configuration is 
presented in Figures 11 to Figure 16, Table 1 and Table 2. The 
layout is depicted in Figure 10. 


TABLE 2. S22 PARAMETERS FOR DOWN CONVERSION, 

l ch = 10^h 




PARAMETER 

Power Gain 
TOI Output 
NFSSB 
Power Gain 
TOI Output 
NF SSB ™ 

PARAMETER 


LO LEVEL 

-6dBm 

-6dBm 

-6dBm 

OdBm 

OdBm 

OdBm 


V CC = 3V 
■bias = 8mA 

8 5dB 
1 1.5dBm 
14~5dB 
8.6dB 
11 dBm 

’ 15dB “ 

V cc = 4V 
BIAS = 19mA 


Power Gain 

-6dBm 

10dB 

TOI Output 

-6dBm 

13dBm 

NFSSB 

-6dBm 

20dB 

Power Gain 

OdBm 

1 1dB 

TOI Output 

OdBm 

12.5dBm 

NFSSB 

OdBm 

24dB 


TABLE 3. TYPICAL VALUES OF S22 FOR THE OUTPUT PORT. 
L ch = 390nH l BIAS = 8mA (SET UP OF FIGURE 11) 


FREQUENCY 

RESISTANCE 

REACTANCE 

300MHz 

220 

-1150 

600MHz 

7.50 

-430 

900MHz 

5.20 

-140 

1.1GHz 

3.90 

OO 


TABLE 4. TYPICAL VALUES OF S22. l_c H = 390nH, l BIAS = 18mA 


REACTANCE 


FIGURE 10. UP/DOWN CONVERTER LAYOUT, 400%. 
MATERIAL G10, 0.031 

The output matching network has been designed from data 
taken at the output port at various test frequencies with the 
setup as in Table 1 . S22 characterization is enough to assure 
the calculation of L, T or transmission line matching networks. 

TABLE 1. S22 PARAMETERS FOR DOWN CONVERSION, 

L C h = 1 0pH 


FREQUENCY 


300MHz 


600MHz 

900MHz 

1.1GHz 


RESISTANCE 


23.50 


10.30 

870 

80 




Up Converter Example 

An application for a up converter as well as a frequency mul- 
tiplier can be demonstrated using the same layout, with an 
addition of matching components. The output port S22 must 
be characterized for proper matching procedures and 
depending on the frequency desired for the output, transmis- 
sion line transformations can be designed. The return loss of 
the input ports maintain acceptable values in excess of 
1 .2GHz which can permit the evaluation of a frequency dou- 
bler to 2.4GHz if so desired. 

The addition of the resistors R EE can increase considerably 
the dynamic range of the up converter as demonstrated at 
Figure 18. The evaluation results depicted in Table 5 have 
been obtained by a triple stub tuner as a matching network 
for the output due to the layout constraints. Based on the 
evaluation results it is clear that the cell requires a higher 
Bias current for overall performance. 
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HFA3101 


S11 LOG MAG 




FIGURE 11. OUTPUT PORT S22 TEST SET UP 


FIGURE 12. LO PORT RETURN LOSS 


S11 LOG MAG 


S22 LOG MAG 


OdB 
1 0dB/DIV 




FIGURE 13. RF PORT RETURN LOSS 


FIGURE 14. IF PORT RETURN LOSS, WITH MATCHING 
NETWORK 


Rp = 901 MHz - 25dBm 
LO = 825MHz -6dBm 



64M 76MHz 88M 

11*LO-10R F IF 12R f - 13LO 


R f = 900MHz -25dBm 
LO = 825MHz -6dBm 


Eaniaiil 
niiuiini 
■■iimwiM 

■■fiwnwiiB 


675 750 825 900 975 

LO - 2R f LO + 2F 


FIGURE 15. TYPICAL IN BAND OUTPUT SPECTRUM, V cc = 3V FIGURE 16. TYPICAL OUT OF BAND OUTPUT SPECTRUM 






HFA3101 


Design Example: Up Converter Mixer 

Figure 17 shows an example of a up converter for cellular 
applications. 

Conclusion 

The HFA3101 offers the designer a number of choices and 
different applications as a powerful RF building block. 
Although isolation is degraded from the theoretical results 
for the cell due to the unbalanced, nondifferential input 
schemes being used, a number of advantages can be taken 
into consideration like cost, flexibility, low power and small 
outline when deciding for a design. 


TABLE 5. TYPICAL PARAMETERS FOR AN UP CONVERTER 
EXAMPLE 


PARAMETER 

V CC = 3V 
•bias = 8mA 

V CC = 4V 

l BIAS = 18mA 

Power Gain, LO = -6dBm 

3dB 

5.5dBm 

Power Gain, LO = OdBm 

4dB 

7.2dB 

R F Isolation, LO = OdBm 

15dBc 

22dBc 

LO Isolation, LO = OdBm 

28dBc 

28dBc 


V CC 3V 



OUTPUT WITHOUT EMITTER DEGENERATION OUTPUT WITH EMITTER DEGENERATION R EE = 4.70 EXPANDED SPECTRUM R EE = 4.70 



2LO - 10Rp 12 R f 50MHz 

R f = 76MHz 
LO = 825MHz 

FIGURE 18. TYPICAL SPECTRUM PERFORMANCE 
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HFA3102 


August 1 994 


Dual Long-Tailed Pair Transistor Array 


Features 

• High Gain-Bandwidth Product (f T ) . . . 

• High Power Gain-Bandwidth Product 

• High Current Gain (h FE ) 

• Noise Figure (Transistor) 

• Low Collector Leakage Current 

• Excellent h FE and V BE Matching 

• Pin-to-Pin to UPA102G 


Description 

The HFA3102 is an all NPN transistor array configured as 
dual differential amplifiers with tail transistors. Based on 
Harris bonded wafer UHF-1 SOI process, this array achieves 
very high f T (10GHz) while maintaining excellent h FE and 
V BE matching characteristics over temperature. Collector 
leakage currents are maintained to under 0.01 nA. 

Ordering Information 


PART NUMBER 


PRODUCT DESCRIPTION 


Applications 

• Single Balanced Mixers 

• Wide Band Amplification Stages 

• Differential Amplifiers 

• Multipliers 

• Automatic Gain Control Circuits 

• Frequency Doublers, Tripplers 

• Oscillators 

• Constant Current Sources 

• Wireless Communication Systems 

• Radio and Satellite Communications 

• Fiber Optic Signal Processing 

• High Performance Instrumentation 


HFA31 02B 14 Lead Plastic SOIC (N) 

HFA3102B96 14 Lead Plastic SOIC (N) - Tape and Reel 


Pinout/Functional Diagram 


HFA3102 

TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 Q _ Q 


File Number 3635.1 





Specifications HFA3102 


Absolute Maximum Ratings 


Thermal Information 


V C eo Collector to Emitter Voltage 

8.0V 

Thermal Resistance 

0 JA 

Vcbo Collector to Base Voltage 

12.0V 

Plastic SOIC Package 

, . . 1 25°C/W 

V EB0 Emitterr to Base Voltage 

12.0V 

Maximum Package Power Dissipation at +75°C 


I c , Collector Current 

30mA 

Any One Transistor 

0.25W 

t stg> Storage Temperature Range 

. . -65°C to +150°C 

Plastic SOIC Package 

0.6W 

Operating Temperature Range 

. . . -40°C to +85°C 

Derating Factor Above +75°C 


Tj, Junction Temperature (Die) 

+175°C 

Plastic SOIC Package 

8mW/°C 

Tj, Junction Temperature (Plastic Package) . . . 

+150°C 



Lead Temperature (Soldering 10s) 

+300°C 



(Lead Tips Only) 




CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 



Electrical Specifications at+25°c 


SYMBOLS 


V (BR)CBO 




Collector-to-Base Breakdown Voltage 
(Q-), Q2, Q4, and Q5) 


Collector-to-Emitter Breakdown 
Voltage (Q 1 thru Q 6 ) 


Emitter-to-Base Breakdown Voltage 
(Q 3 and Q 6 ) 


Collector Cutoff Current 
(Qi , Q2» Q41 and Q5) 


Emitter Cutoff Current (Q 3 and Q 6 ) 


DC Current Gain (Q-| thru Q 6 ) 


Collector-to-Base Capacitance 


Emitter-to-Base Capacitance 


Current Gain-Bandwidth Product 


Power Gain-Bandwidth Product 


Available Gain at Minimum Noise 
Figure 


Minimum Noise Figure 


TEST CONDITIONS 





500 Noise Figure 


DC Current Gain Matching 
(Q-) and Q2, Q4 and Q5) 


Input Offset Voltage (Qi and Q 2 ), 
(Q 4 and Q 5 ) 


Input Offset Current (Q-, and Q 2 ), 
(Q 4 and Q 5 ) 


Input Offset Voltage TC 
(Q-i and Q 2 , Q4 and Q 5 ) 


Collector-to-Collector Leakage 
(Pin 6, 7, 13, and 14) 


Test Level: A. Production Tested B. Guaranteed Limit or Typical Based on Characterization 



pA 


pV/°C 


nA 


C. Design Typical for Information Only 
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NOISE FIGURE (dB) 


HFA3102 
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HFA3102 


PSPICE Model for a Single Transistor 

+ ( IS= 1.840E-16 XTI= 3.000E+00 EG= 1.110E+00 VAF= 7.200E+01 
+ VAR= 4.500E+00 BF= 1 .036E+02 ISE= 1 .686E-1 9 NE= 1 .400E+00 
+ IKF= 5.400E-02 XTB= O.OOOE+OO BR= 1 .000E+01 ISC= 1 .605E-14 
+ NC= 1.800E+00 IKR= 5.400E-02 RC= 1.140E+01 CJC= 3.980E-13 
+ MJC= 2.400E-01 VJC= 9.700E-01 FC= 5.000E-01 CJE= 2.400E-13 
+ MJE= 5.100E-01 VJE= 8.690E-01 TR= 4.000E-09 TF= 10.51 E-12 
+ ITF= 3.500E-02 XTF= 2.300E+00 VTF= 3.500E+00 PTF= 0.000E+00 
+ XCJC= 9.000E-01 CJS= 1.689E-13 VJS= 9.982E-01 MJS= 0.000E+00 
+ RE= 1 .848E+00 RB= 5.007E+01 RBM= 1 .974E+00 KF= 0.000E+00 
+ AF= 1.000E+00) 
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HFA3102 


Common Emitter S-Parameters 






V ce = 5V and 1 

FREQ. (Hz) 

c = 5mA 

IS11I 

PHASE(SII) 

IS12I 

PHASE(S12) 

IS21I 

PHASE(S21) 

IS22I 

PHASE(S22) 

1.0E+08 

0.833079 

-1 1 .7873 

1.41 8901 E-02 

78.8805 

1 1 .0722 

168.576 

0.976833 

-11.0509 

2.0E+08 

0.791776 

-22.8290 

2.695740E-02 

68.6355 

10.5177 

157.897 

0.930993 

-21.3586 

3.0E+08 

0.73491 1 

-32.6450 

3.750029E-02 

59.5861 

9.75379 

148.443 

0.868128 

-30.4451 

4.0E+08 

0.672811 

-41.0871 

4.5721 38E-02 

51.9018 

8.91866 

140.361 

0.799886 

-38.1641 

5.0E+08 

0.612401 

-48.2370 

5.194147E-02 

45.5043 

8.10511 

133.569 

0.734033 

-44.5998 

6.0E+08 

0.557126 

-54.2780 

5.659943E-02 

40.2112 

7.35944 

127.882 

0.674392 

-49.9370 

7.0E+08 

0.508133 

-59.4102 

6.009507E-02 

35.8226 

6.69712 

123.102 

0.622181 

-54.3777 

8.0E+08 

0.465361 

-63.8123 

6.27421 3E-02 

32.1594 

6.11750 

119.047 

0.577269 

-58.1022 

9.0E+08 

0.428238 

-67.6313 

6.4771 34E-02 

29.0743 

5.61303 

115.571 

0.538952 

-61.2587 

1.0E+09 

0.396034 

-70.9834 

6.634791 E-02 

26.4506 

5.17405 

112.556 

0.506365 

-63.9647 

1.1E+09 

0.368032 

-73.9591 

6.758932E-02 

24.1974 

4.79104 

109.913 

0.478663 

-66.3116 

1.2E+09 

0.343589 

-76.6285 

6.857937E-02 

22.2441 

4.45546 

107.570 

0.455091 

-68.3702 

1.3E+09 

0.322155 

-79.0462 

6.937837E-02 

20.5358 

4.15997 

105.472 

0.435008 

-70.1958 

1 .4E+09 

0.303268 

-81 .2548 

7.003020E-02 

19.0293 

3.89845 

103.576 

0.417872 

-71.8314 

1.5E+09 

0.286542 

-83.2880 

7.05671 8E-02 

17.6908 

3.66577 

101.849 

0.403238 

-73.3108 

1.6E+09 

0.271660 

-85.1723 

7.101343E-02 

16.4930 

3.45770 

100.262 

0.390735 

-74.6609 

1.7E+09 

0.258359 

-86.9292 

7.1 3871 7E-02 

15.4143 

3.27074 

98.7956 

0.380056 

-75.9030 

1.8E+09 

0.246420 

-88.5759 

7. 170231 E-02 

14.4370 

3.10197 

97.4307 

0.370947 

-77.0544 

1.9E+09 

0.235659 

-90.1265 

7.196964E-02 

13.5469 

2.94897 

96.1533 

0.363195 

-78.1288 

2.0E+09 

0.225923 

-91.5925 

7.219757E-02 

12.7319 

2.80969 

94.9515 

0.356623 

-79.1377 

2.1E+09 

0.217085 

-92.9836 

7.239274E-02 

11.9824 

2.68243 

93.8156 

0.351081 

-80.0903 

2.2E+09 

0.209034 

-94.3076 

7.256046E-02 

11.2901 

2.56573 

92.7373 

0.346442 

-80.9942 

2.3E+09 

0.201678 

-95.5713 

7.270498E-02 

10.6480 

2.45837 

91 .7097 

0.342599 

-81.8557 

2.4E+09 

0.194939 

-96.7803 

7.282977E-02 

10.0503 

2.35928 

90.7271 

0.339458 

-82.6802 

2.5E+09 

0.188747 

-97.9395 

7.293764E-02 

9.49212 

2.26756 

89.7844 

0.336942 

-83.4719 

2.6E+09 

0.183044 

-99.0530 

7.303093E-02 

8.96908 

2.18243 

88.8775 

0.334982 

-84.2347 

2.7E+09 

0.177780 

-100.124 

7.311157E-02 

8.47753 

2.10322 

88.0026 

0.333518 

-84.9716 

2.8E+09 

0.172909 

-101.156 

7.3181 17E-02 

8.01430 

2.02934 

87.1565 

0.332499 

-85.6853 

2.9E+09 

0.168394 

-102.152 

7.3241 07E-02 

7.57661 

1 .96027 

86.3366 

0.331879 

-86.3781 

3.0E+09 

0.164200 

-103.114 

7.329243E-02 

7.16204 

1.89556 

85.5404 

0.331620 

-87.0518 

V ce = 5V and 1 

FREQ. (Hz) 

c = 10mA 

IS11I 

PHASE(SII) 

IS12I 

PHASE(S12) 

IS21I 

PHASE(S21) 

IS22I 

PHASE(S22) 

1.0E+08 

0.728106 

-16.4319 

1.273920E-02 

75.4177 

15.1273 

165.227 

0.959692 

-14.2688 

2.0E+08 

0.670836 

-31.2669 

2.342300E-02 

62.8941 

13.9061 

152.045 

0.886232 

-26.9507 

3.0E+08 

0.600268 

-43.7663 

3.132521 E-02 

52.5891 

12.3970 

141.185 

0.796016 

-37.3172 

4.0E+08 

0.531768 

-54.0028 

3.681 579E-02 

44.5019 

10.9257 

132.570 

0.708892 

-45.4503 

5.0E+08 

0.471795 

-62.3880 

4.057046E-02 

38.2308 

9.62995 

125.781 

0.633146 

-51 .7704 

6.0E+08 

0.421506 

-69.3569 

4.316292E-02 

33.3405 

8.53559 

120.378 

0.570209 

-56.7206 

7.0E+08 

0.379961 

-75.2612 

4.499071 E-02 

29.4764 

7.62375 

116.005 

0.518803 

-60.6598 

8.0E+08 

0.345693 

-80.3608 

4.631 140E-02 

26.3755 

6.86423 

112.398 

0.476987 

-63.8540 

9.0E+08 

0.317301 

-84.8420 

4.728948E-02 

23.8481 

6.22797 

109.365 

0.442915 

-66.4948 

1.0E+09 

0.293608 

-88.8381 

4.803091 E-02 

21.7581 

5.69057 

106.771 

0.415044 

-68.7193 

1.1E+09 

0.273680 

-92.4452 

4.86051 5E-02 

20.0070 

5.23257 

104.518 

0.392146 

-70.6269 

1.2E+09 

0.256782 

-95.7336 

4.905871 E-02 

18.5224 

4.83873 

102.532 

0.373261 

-72.2899 

1.3E+09 

0.242344 

-98.7555 

4.942344E-02 

17.2505 

4.49716 

100.759 

0.357640 

-73.7620 

1 .4E+09 

0.229918 

-101.551 

4.9721 58E-02 

16.1506 

4.19854 

99.1602 

0.344698 

-75.0832 

1 .5E+09 

0.219152 

-104.150 

4.996903E-02 

15.1915 

3.93554 

97.7028 

0.333974 

-76.2840 

1.6E+09 

0.209767 

-106.577 

5.017730E-02 

14.3490 

3.70234 

96.3629 

0.325102 

-77.3877 

1.7E+09 

0.201539 

-108.851 

5.035491 E-02 

13.6040 

3.49428 

95.1215 

0.317789 

-78.4122 

1.8E+09 

0.194288 

-110.988 

5.050825E-02 

12.9411 

3.30758 

93.9633 

0.311800 

-79.3715 

1 .9E+09 

0.187867 

-113.001 

5.06421 8E-02 

12.3482 

3.13919 

92.8761 

0.306940 

-80.2768 

2.0E+09 

0.182157 

-114.902 

5.076045E-02 

11.8151 

2.98658 

91 .8500 

0.303051 

-81.1365 

2.1E+09 

0.177056 

-116.698 

5.086598E-02 

1 1 .3338 

2.84766 

90.8766 

0.300003 

-81.9578 

2.2E+09 

0.172484 

-118.399 

5.0961 07E-02 

10.8974 

2.72068 

89.9494 

0.297686 

-82.7460 

2.3E+09 

0.168370 

-120.012 

5.104755E-02 

10.5001 

2.60420 

89.0626 

0.296007 

-83.5057 

2.4E+09 

0.164656 

-121.542 

5.1 12690E-02 

10.1373 

2.49697 

88.2115 

0.294889 

-84.2405 

2.5E+09 

0.161293 

-122.996 

5.120031 E-02 

9.80479 

2.39793 

87.3920 

0.294266 

-84.9533 

2.6E+09 

0.158239 

-124.378 

5.126876E-02 

9.49919 

2.30619 

86.6007 

0.294081 

-85.6466 

2.7E+09 

0.155458 

-125.694 

5.133304E-02 

9.21750 

2.22098 

85.8348 

0.294285 

-86.3223 

2.8E+09 

0.152919 

-126.947 

5.1 39381 E-02 

8.95716 

2.14162 

85.0916 

0.294836 

-86.9822 

2.9E+09 

0.150595 

-128.140 

5.145164E-02 

8.71595 

2.06753 

84.3690 

0.295696 

-87.6275 

3.0E+09 

0.148463 

-129.279 

5.150697E-02 

8.49194 

1 .99820 

83.6651 

0.296834 

-88.2595 
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Die Characteristics 

PROCESS: 

UHF-1 

DIE DIMENSIONS: 

53 x 52 x 14 ±1mils 

1340^m x 1320(im x 355.6pm ± 25.4pm 

METALIZATION: 

Type: Metal 1 : AICu(2%)/TiW Type: Metal 2: AICu(2%) 
Thickness: Metal 1: 8kA ± 0.5kA Thickness: Metal 2: 16kA ± 0.8kA 

GLASSIVATION : 

Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

Material: Epoxy 

WORST CASE CURRENT DENSITY: 

1.50 x 10 5 A/cm 2 


Metallization Mask Layout 

HFA3102 

TOP VIEW 



Pad numbers correspond to the 14 pin SOIC pinout. 
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SEMICONDUCTOR 


HFA3600 


March 1995 


Low-Noise Amplifier/Mixer 


Features 

• LNA 

- Low Noise Figure 2.3dB at 900MHz 

- High Power Gain 1 2.8dB at 900MHz 

- High Intercept +12.8dBm at Output 

• MIXER 

- Low Noise Figure 12.1dB at 900MHz 

- High Power Gain 7.0dB at 900MHz 

- High intercept +3.2dBm at Output 

- Low LO Drive - 3dBm 

• LNA + MIXER 

- Low Noise Figure 3.97dB at 900MHz 

- High Power Gain 19.8dB at 900MHz 

- High Intercept -16.7dBm at Input 

- Low Operating Power 5V/11.3mA 

- Low Shutdown Power 5V/250pA 

• Small Package: 14 Lead SOIC (Plastic, Small Outline 

Package, 150 Mil Width, 50 Mil Lead Spacing) 

Applications 

• Portable Cellular Telephone (AMPS, IS-54, GSM, JDC) 

• Wireless Data Com. (ISM, Narrowband PCS) 

• UHF and Mobile Radio Receiver 

• 900MHz Digital Cordless Telephone (CT-2, ISM) 

• Wireless Telemetry 


Description 

The HFA3600 is a silicon Low-Noise Amplifier with high per- 
formance characteristics allowing the design of very sensi- 
tive, wide dynamic-range 900MHz receivers with minimal 
external components. 

The LNA, Mixer RF, and LO inputs are internally matched to 
50Q. The Mixer IF output is open collector allowing flexibility 
in choosing the IF output impedance, with 1000n operation 
fully characterized. The mixer performance is optimized for 
low LO drive (-3dBm) applications. 

Power consumption is kept to a minimum, making the device 
ideal for battery-powered hand-held communication equip- 
ment. An integrated power-down feature maximizes battery 
life and eliminates the need for external shut down circuitry. 
Although fully characterized under 5V single supply, the 
HFA3600 is operable down to 4V with slight performance dif- 
ferences. 

The HFA3600 is part of a complete solution including appli- 
cation circuit schematics, S-parameters, noise figure, third- 
order intercept characterization data and PC board artwork. 
Evaluation boards are also available through local Harris 
Sales offices. 


Ordering Information 

TEMPERATURE 

PART NUMBER RANGE PACKAGE 

HFA3600IB -40°C to +85°C 14 Lead Plastic SOIC (N) 

HFA3600IB96 -40°C to +85°C 14 Lead Plastic SOIC (N) 

in Tape and Reel 


Pinout 


HFA3600 (SOIC) 

TOP VIEW 


LNAVccM 


LO BYPASS 



4] MIXER V cc 


8| POWER DOWN 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C handling procedures. 
Copyright © Harris Corporation 1995 n a a 
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Specifications HFA3600 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage -0.3 to +6.0V Thermal Resistance 6ja 

Voltage on Any Other Pin -0.3 to V CC +0.3V SOIC Package 1 25°C/W 

Vqc t0 v cc Decouple -0.3 to +0.3V Operating Temperature Range -40°C < T A < +85°C 

Any GND to GND -0.3 to +0.3V Storage Temperature Range -65°C < T A < +1 50°C 

Package Power Dissipation at 25°C 1W Lead Temperature (Soldering 10s) +300°C 

Junction Temperature (Plastic Package) +150°C (Lead Tips Only) 

Supply Voltage Range 4.0 to 5.5V 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications 


PARAMETER 



l cc I Total Supply Current at 5V 


V !H Shutdown Logic High 


V iL Shutdown Logic Low 


l| L Shutdown Input Current 


I ih Shutdown Input Current 


Vlna-in lna ln P ut Level 


v lna-out LNA Output DC Level 


v mx-rf Mixer RFIN DC Level 


V MX -lo Mixer LO tN DC Level 


toFF.ON Shutdown On-Off-On Time 



AC Electrical Specifications All Characterization Results have been Obtained with the Use of a 


Standard Evaluation Board. 


LNA (V cc = +5V, T a = +25°C, Test Figure 1 and f = 900MHz Unless Otherwise Noted In Characterization Curves) 



LNA Input Return Loss 


LNA Output Return Loss 


LNA Output 1-dB Gain Compression Point B +25°C - -2.0 - d 


LNA Output 3rd-Order Intercept B +25°C +11.2 +12.8 - d 


LNA Noise Figure B +25°C - 2.30 2.60 


MIXER (V cc = 5V, T a = +25°C, f L0 = 825MHz at -3dBm, f RF = 900MHz, f, F = 75MHz and Test Figure 1 , Unless Otherwise Noted) 


MIXER Power Conversion Gain 


MIXER RF Input Return Loss 


MIXER LO Input Return Loss 


MIXER SSB Noise Figure 


MIXER Output 1-dB Gain Compression 


MIXER Output 3rd-Order Intercept 


MIXER IF Output Capacitance 
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Specifications HFA3600 


AC Electrical Specifications All Characterization Results have been Obtained with the Use of a 

Standard Evaluation Board. (Continued) 


PARAMETER 


1 

g rf-if 

MIXER RF-IF Isolation 
(Includes Matching Network) 

1 

g lo-if 

MIXER LO-IF Isolation 
(Includes Matching Network) 

■ 

g lo-rf 

MIXER LO-RF Isolation 

UWESSSM 

Mixer LO-LNA, n Isolation 

n 

G LNAOUT -RF 

LNAOUT -Mixer RFIN Isolation 



(LNA + MIXER) V cc = 5V, T A = +25°C, f L0 = 825MHz at -3dBm, f RF = 900MHz, f, F = 75MHz and Idealized Lossless External Filters 


Power Conversion Gain 


Noise Figure 


Input 3rd-Order Intercept 




Test Level: A. Production Tested. 

B. Guaranteed Limit or Typical Based on Characterization. 


Test Circuits 


LNA IN O— 1| 

lOOOpF 


lOOOpF - = E ri - 

LO IN hK 
lOOOpF 


__ jlOpH >1kO 

ah ? T i n 

?2l 1 InF 

ij] 1 1—0 RF IN 

lOOOpF 


— 1 1 O LNA OUT 

lOOOpF 


V CC (+5V) 
390nH 


PD(TTL) 

FIGURE 1. EVALUATION TEST CIRCUIT 


FROM TRANSMITTER 


JL. 4.7pF 

HI - 



lOOOpF 

— : HI 

LO IN oH h{7 
lOOOpF 


IF FILTER (50Q) 


IF AMPLIFIER 


IMAGE FILTER (50Q) 


^ PD(TTL) 

FIGURE 2. TYPICAL APPLICATION CIRCUIT 
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TABLE 1. TYPICAL CELLULAR FRONT-END CASCADED PERFORMANCE 



DUPLEXER 

LNA 

IMAGE 

FILTER 

MIXER 

IF FILTER 

IF AMP 

UNITS 

Noise Figure 

3.0 

2.3 

3.0 

12.1 

8.0 

3.0 

dB 

Gain 

-3.0 

12.8 

-3.0 

7.0 

-8.0 

20.0 

dB 

OUTPUT IP3 

100.0 

12.8 

100.0 

3.2 

Not Applicable (Note) 

dBm 

Cascaded Noise Figure = 8.55dB 

Cascaded Gain 

I = 25.8dB 


Input IP3 = -10.8dBm 


NOTE: Cascaded results are using lOO.OdBm for IP3 


Supply Characteristics 



§ 3*11.7 

300 5 £ 

> (5 


TICCOFF 1 250 x ? 


4.5 4.7 4.9 5.1 5.3 5.5 

SUPPLY VOLTAGE 



T ICC OFF ““ H 250 


-40 - 20 0 20 40 60 80 

TEMPERATURE (°C) 


FIGURE 3. TOTAL ICC vs SUPPLY VOLTAGE 


FIGURE 4. TOTAL ICC vs TEMPERATURE 
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Mixer Characteristics 



-6 -4 -2 0 +2 +4 

LO DRIVE (dBm) 

FIGURE 17. MIXER PG vs LO DRIVE 



50 75 100 125 150 

FREQUENCY (MHz) 


FIGURE 21. MIXER NF vs IF FREQUENCY, RF = 900MHz, 
FLO < FRF 
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- 40 - 20 0 20 40 60 80 

TEMPERATURE (°C) 

FIGURE 25. MIXER OUTPUT IP3 vs TEMPERATURE 



700 850 1000 


FREQUENCY (MHz) 

FIGURE 27. MIXER LO S11 vs FREQUENCY AND 
TEMPERATURE 



- 40 - 20 0 20 40 60 80 

TEMPERATURE (°C) 

FIGURE 24. MIXER IdB COMPRESSION vs TEMPERATURE 



800 900 1000 

FREQUENCY (MHz) 


FIGURE 26. MIXER OUTPUT IP3 vs RF FREQUENCY 



700 850 1000 


FREQUENCY (MHz) 

FIGURE 28. MIXER RF S1 1 vs FREQUENCY AND 
TEMPERATURE 
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Isolation Characteristics 



700 850 1000 

FREQUENCY (MHz) 

FIGURE 29. LNA OUT TO MIXER RF ISOLATION vs 
FREQUENCY AND TEMPERATURE 



700 850 1000 

FREQUENCY (MHz) 

FIGURE 30. MIXER LO IN TO LNA IN ISOLATION vs 
FREQUENCY AND TEMPERATURE 
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LNA Noise and Gain Characteristics 



600 900 1200 

FREQUENCY (MHz) 

FIGURE 32. LNA GAMMA OPTIMUM vs FREQUENCY FIGURE 33. MINIMUM NOISE FIGURE AND ASSOCIATED GAIN 

vs FREQUENCY 
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Evaluation Board Layout Information 

Component List. 

R1 Res, fixed 1 kQ Cl ,C6 Cap, fixed. 01 |iF 

LI Ind., fixed lOpH C2 Cap, fixed Tantalum. 4.7pF 

L2 Ind., fixed 390nH C8 Cap, var. 3pF to 1 0pF 

C3,C4,C5,C7,C10,C11 Cap, fixed InF Crl Diode DL4001 


EVALUATION BOARD LAYOUT. SCALE XI 

TOP VIEW 



EVALUATION BOARD COMPONENT PLACEMENT 



NOTE: See Evaluation Board testing 


9-54 





HFA3600 


Pin Description 

LNA V CC 

Supply voltage for the Low Noise amplifier. 


LNA input. Requires AC coupling. Minimum coupling capaci- 
tor value of lOOpF is suggested. This input is optimized for 
50W match in the 800MHz to 1000MHz range. 

LO Bypass 

Mixer LO Bypass. Capacitor required to assure a good AC 
ground. Placement is critical. The bypass capacitance 
should be located close to the device with low ground 
impedance. Minimum coupling capacitor value of lOOpF is 
suggested. 


Local oscillator input. Requires AC coupling. Input is opti- 
mized for 50 W match in the 700MHz to 1 000MHz range. Min- 
imum coupling capacitor value of lOOpF is suggested. 

Power Down 

Power down control with internal pull up. A low TTL or 
CMOS level disables the bias network, shutting down both 
the LNA and the MIXER within lOms.The internal pull up is 
provided for users that do not require the power down fea- 
ture. Provided for Time Division Multiplex Systems and/or 
power savings. 

LNA Out 

Output of the LNA. Requires AC coupling. This output has 
been optimized for 50W match in the 800MHz to 1000MHz 
range. Minimum coupling capacitor value of lOOpF is sug- 
gested. 


RF input to the MIXER. Requires AC coupling. Input opti- 
mized for 50W match in the 800MHz to 1000MHz range. 
Minimum coupling capacitor value of lOOpF is suggested. 


Open collector output of the MIXER. Output capacitance is 
2.3pF typical. The use of a RF choke maximizes the voltage 
output swing but is not mandatory. An output resistance con- 
trols the conversion gain as well as IP3 within the useful 
range of 300W to 1500W. It also affects the output imped- 
ance required for the next filter stage and facilitates any out- 
put matching network design requirements. Conversion gain 
is reduced upon use of low value resistors. 

Mixer V cc 

Supply voltage for the MIXER and the Bias Network. 

Characterization Information 

The curves and data depicted in the Specifications Section 
are the result of the design characterization performed by 
the use of a standard evaluation board and a statistically sig- 
nificant sample procedure which reflects the HARRIS UHF-1 
process variation. 


The use of standard RF techniques have been employed 
throughout the characterization process with special empha- 
sis on noise figures, gains and LO level performances. 

Special attention has been given to the Local oscillator sig- 
nal purity and integrity throughout the low and high fre- 
quency spectrum. 

The use of low Excess Noise Ratio (ENR) noise sources 
have been employed to guarantee a good 50Q noise source 
output impedance during the LNA noise measurements. 

The use of attenuators for most of the setups have assured 
output impedances of signals closer to 50W when the use of 
power splitters and filters with poor return loss were neces- 
sary. 

50Q environment measurements have been carried 
throughout the characterization process including the IF out- 
put from the MIXER. 

Device Description 

The HFA3600 is fabricated in the HARRIS UHF-1 Bonded 
wafer, Silicon on Insulator process, ft characteristics of 
10GHz and Power bandwidth product of 6GHz together with 
the robustness of the SOI process ensure high reliability for 
high frequency volume production. The process features low 
parasitic capacitances and very low leakages. 


The LNA uses a single stage topology with a collector spiral 
inductor to improve the stability at lower frequencies and to 
optimize the power gain in the 900MHz range. Typical noise 
figure of 2.3dB, gain of 12.8dB and third order output inter- 
cept point of +12.8dBm are the main features. Bias currents 
are laser trimmed for optimum performances and for tight 
distribution among production lots. Under a 500 environ- 
ment, the LNA input return loss is 7.3dB and the output 
return loss is 13dB. Characteristics of the gamma optimum, 
which is shown in the specifications section, suggests that 
the optimum source impedance driving the LNA for minimum 
noise figure is located close to 50CX The trade-off between 
gain and noise figures at 900MHz are shown in the gain and 
noise circles representation of the specification section. 


The HFA3600 Mixer uses a single balanced topology. This 
topology features an open collector with an output capaci- 
tance in the order of 2.3pF. Bias settings are also laser 
trimmed for optimum performance and tight distribution 
among production lots. The open collector output permits 
direct interface to moderate impedance IF filters as well as 
50W input filters after a simple “L” impedance matching net- 
work. A collector resistor of IK has been used throughout 
the characterization together with an impedance matching 
network for 50W load measurements. With a low -3dBm LO 
level, a typical SSB noise figure of 12.1dB, conversion gain 
of 7.0dB and a third order output intercept point of +3.2dBm 
are the main features. The LO input return loss is typically of 
26dBm and the RF input return loss has a typical value of 
IldB. 
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Bias Network and Power Down 

The Bias Network is responsible for the accurate setting of 
both LNA and MIXER operating currents. The LNA operating 
current is accurately set to 5mA while the MIXER is set to 
4mA. Laser trimming procedures and a temperature inde- 
pendent performance of the bias cell, assure the worst case 
operating current variation of the LNA and MIXER of 1% 
over the operating temperature range. 

The Bias network is powered by the Mixer VCC pin and has 
a built in feature of disabling both the LNA and the MIXER 
stages. The cell can be powered up and down within 10ms. 
Power down total current consumption is in the order of 
250mA.The simplified schematic of the power down input 
circuit is shown below. 



FIGURE 35. ENABLE PIN INPUT CIRCUIT 


Low Voltage Operation 

Low voltage operation is possible with the HFA3600. The 
HFA3600 has been characterized with V C c of 4V and only 
moderate degradations have been observed compared to 
the AC performance at a V cc of 5V. The LNA gain shows a 
0.8dB decrease and a 1.5dB degradation in the output inter- 
cept point with no measurable impact on noise figure. 

The MIXER behavior at 4 V can be summarized with a deg- 
radation of conversion gain and output intercept point of 
0.8dB and a slight improvement in noise figure of 0.6dB. 

Other relevant 4V performance characteristics include: 

- Total ICC: typical drop of 2.2mA 

- LNA Input Return Loss: degraded by 0.6dB 

- LNA Reverse Isolation: degraded by IdB 

- LNA Output Return Loss: degraded by IdB 

- RF to IF Isolation: no change 

- LOin to LNAin Isolation: improvement by 2dB 

- LNAOUT to Mixer RFIN Isolation: improvement by 
0.2dB 

- Mixer LO to RF Isolation: no change 

- Mixer LO to IF Isolation: degrades by 0.5dB 

- Mixer RF input Return Loss: degrades by IdB 

- Mixer LO Input Return Loss: degrades by 0.3dB at 
800MHz and IdB at 700MHz 


Layout Considerations 

The HFA3600 evaluation board layout has been carefully 
designed for an accurate RF characterization of the device. 
50Q microstrip lines have been provided to permit the con- 
nection of the LNA and MIXER independently and facilitate 
the user interface for testing. Top ground planes were used 
to assure adequate isolation between critical traces. 

The HA3600 package pinout has been laid out for best isola- 
tion and overall device performance which also permits the 
placement and connection of ground planes at pins 2, 4, 5, 
10 and 12. Pin 4 and Pin 5 assure a low impedance ground 
return for the LNA and also helps the isolation between the 
LNA input and the LO input. The LNA output pin is isolated 
from the RF input port with a good ground connection 
between the top and back ground planes terminated at pin 
10. A series of plated through holes resembling a stitch pat- 
tern are sufficient and important for the LNA. 0 ut and RF_ iN 
ports isolation, so the designer can rely on the full character- 
istics of rejection of the image filter. Similar isolation pattern 
is drawn and terminated in pin 12 to isolate the RF. jN from 
the IF_ out port. 

A ground pad has been laid down beneath the package with a 
series of plated through holes to minimize the inductance to 
the ground plane and improve the device gain characteristics. 

All device grounds must be connected as close to the pack- 
age as possible and the same applies to both V cc inputs 
and all V C c bypass capacitors. A small 4.7pF tantalum 
capacitor at the v cc line will prevent supply coupling to the 
bias network if the device is subjected to strong low fre- 
quency interference signals. 

A protection diode has been added to the demonstration 
board for extra protection and is not needed in an actual 
application. 

Evaluation Board Testing Information 

The following paragraphs contain information related to the 
evaluation of the HFA3600 LNA/Mixer noise figure and com- 
mon errors encountered during individual and cascaded per- 
formance verification. A simple cascaded arrangement using 
a simple n network as an intermediate filter is included. 

Background 

Active single balanced mixers are low cost, low power dissi- 
pation devices which require low local oscillator levels to 
operate. As single balanced mixers lack high isolation from 
the RF and LO input ports to the IF output and operate with 
moderate feedthrough from the LO input to the RF input, 
special precautions must be taken when evaluating these 
devices with test set ups, specifically filtering, and cabling 
hook ups. These constraints, although important during the 
evaluation of the device, are not major issues in the design 
of the overall system. 

Poor isolation from the RF input to the IF output results in 
direct amplification (not only frequency translation) of undes- 
ired signals at the RF input port. For example, any noise 
within the IF passband generated by a previous active 
system block (LNA or any other amplifier) is directly trans- 
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ferred and amplified to the IF output. This lack of isolation 
can considerably degrade the translated signal to noise ratio 
of the IF output. An image filter placed before the mixer RF 
input port can solve the problem. Image filters are normally 
implemented as narrow bandpass filters which are tuned to 
pass only the desired (LO+IF) or (LO-IF) frequency of inter- 
est. Consequently, the role of rejecting noise at frequencies 
within the IF passband is accomplished. 

Poor isolation from the LO input to IF output can also slightly 
degrade the translated signal to noise ratio of the IF output in 
two distinct ways: the noise generated by the local oscillator 
at the IF frequency band is directly coupled to the IF port, 
and the noise at the RF and image RF passbands (LO SSB 
noise) gets translated to the IF passband and appears in the 
IF output. To overcome these problems, the use of a band 
pass filter is recommended between the local oscillator and 
the LO input for optimization of the mixer noise figure. 

The lack of isolation from the LO input port back to the RF 
input port can cause constructive or destructive interference 
at the RF port which can affect noise and conversion (trans- 
lation) gain performance. 

Cascaded Evaluation 

The cascaded evaluation of the HFA3600 demo-board must 
be carried out with a filter network between the LNA and the 
mixer when noise figure or sensitivity measurements are 
made. Any bandpass/highpass implementation must be uti- 
lized to function as either an image or noise rejection filter. 

To remove the IF noise being generated or amplified by the 
LNA, a low cost n or “T” high pass filter can be utilized. This 
simple high pass filter can be used for a cascaded noise 
evaluation of the HFA3600. Although this implementation 
does not remove the image signal nor the image noise being 
generated by the LNA, this filter gives an overall cascaded 
performance that closely approximates the results obtained 
by calculation. The large contribution of the LNA gain at the 
IF frequency (from a white noise source at its input and its 
own IF noise), to the overall noise figure measurement is 
practically eliminated by the high pass filter. Figure 1 shows 
an implementation of a high pass filter network used to filter 
out the incoming IF noise from the LNA. A rider board can be 
built to connect the LNAOUT and the RFIN SMA connectors 
of the demo-board. The lOOOpF decoupling capacitors are 
included in the demo-board. 


K 100( 


I SMA lOOOpF 



n COMPONENTS SHOWN ARE FOR 900MHz RF 
A “T” FILTER CAN ELIMINATE THE lOOOpF COUPLING CAPACITORS 


FIGURE 36. HFA3600 HIGH PASS FILTER IMPLEMENTATION 


Tuning of the n network, if necessary, is done by changing 
the value of the 3.5pF capacitor. This low value of capaci- 
tance may be dependent on the rider layout. The value may 
be optimized for low insertion loss and, therefore, for opti- 
mum cascaded noise figure. 

Figure 37 and Tables 2 and 3 illustrate the overall perfor- 
mance of the HFA3600 in a cascaded form at 915MHz RF 
input and 75MHz IF frequency: 

TABLE 2. SSB MEASUREMENT SET UP (BANDPASS 
INPUT FILTER) (NOTES 1, 3) 


NF GAIN 
IMAGE FILTER (dB) (dB) 


COMMENTS 


I Saw, 3dB Loss I 5.1 I 16.0 I Gain reduced by the filter loss 


Short/No Filter 

n Filter, No Loss at 
the RF Frequency 


BROADBAND 

NOISE 

SOURCE 


N/A NF degrades due to the IF 
noise from the LNA 
1 9.0 Note the increase in cascaded 
gain 


LOW NOISE 
LO 


, I HP8970A 
_|_J NOISE 
T| FIGURE 
I I METER 


TUNED J - 

AT THE 
RF FREQ 

FIGURE 37A. SSB NOISE FIGURE MEASUREMENT 


BROADBAND 

NOISE 

SOURCE 1 


LOW NOISE 
LO 


HP8970A 

NOISE 

FIGURE 

METER 


FIGURE 37B. DSB NOISE FIGURE MEASUREMENT 

TABLE 3. DSB MEASUREMENT SET UP 
(NO INPUT BANDPASS FILTER) 

NF I GAIN 

IVGE FILTER (dB) (dB) COMMENTS 

, 3d B Loss 5.1 16.0 Equivalent to SSB measurei 

t/No Filter 1 .8 31 Invalid measurement 


IMAGE FILTER 

NF 

(dB) 

GAIN 

(dB) 

Saw, 3dB Loss 

5.1 

16.0 

Short/No Filter 

1.8 

31 

n Filter, No Loss at 
the RF Frequency 

3.6 

19.0 

NOTES: 


1 . The single side band input filter (filter A) loss is accounted for and 
removed in the Noise figure and gain values. 

2. The difference of a DSB to a SSB noise figure is theoretically 
3dB. The expected value of 2.2dB NF for a DSB measurement 
is degraded to 3.6db due to a small attenuation of the n filter at 
the image frequency. 

3. The cascaded results presented in the AC Specifications Table 
of the data sheet are calculated assuming the use of an ideal im- 
age filter (no loss) and a SSB measurement. 
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HFA3600 Mixer Evaluation Notes 

The evaluation of the HFA3600 mixer by itself is facilitated 
by the demo-board design which provides access to the 3 
ports by SMA connectors. As discussed before, RF to IF 
feedthrough and LO to RF/IF ports moderate isolation can 
cause errors during noise measurements. 

The inherent RF to IF feedthrough of the single balanced 
mixer mandates that noise measurements be single side 
band only (with an appropriate band pass filter at the RF fre- 
quency of interest). Because of this lack of isolation, the 
incoming energy located at the IF passband from a broad- 
band noise source for example, will feedthrough and cause 
significant noise figure measurement errors. 

As noise measurement equipment often makes use of broad- 
band noise sources with energy covering a wide spectrum, 
SSB measurements are made using a band pass filter in front 
of the RF port. The role of the band pass filter is to prevent the 
image and IF noise energy from being fed to the mixer. 

However, band pass filters exhibit poor return losses at fre- 
quencies outside their passbands. Because a moderate 
amount of power from a local oscillator is transferred back to 
the RF port in many active mixers, and this returned LO sig- 
nal is outside the passband of the SSB filter being used, the 
signal will get reflected back again to the RF port due to 
impedance mismatch between the filter and the RF port. 
This impedance mismatch occurs at the LO frequency and 
these multiple signal reflections can affect gain and noise 
performance of the mixer. This situation, although not a 
problem for the actual receiver design, can become a source 
of error during mixer noise measurements. 

To minimize the problem, the simplest method is to provide a 
short connection (well below A/4 of the LO frequency) 
between the filter and the RF port. In case a coaxial cable 


connection is required, it maybe necessary to provide a 
length of cable which assures minimum degradation to the 
noise figure reading. Long cables above 3 feet can provide 
the required standing wave dissipation for measurements in 
the 800MHz to 1GHz range. Note that long cable losses 
must be taken into account for the purpose of noise figure 
measurements. Adjustable line stretchers or isolators at the 
RF input port could also be used to optimize noise figure 
readings as an option for the mixer evaluation. 

And finally, the recommendation of filtering the local oscilla- 
tor signal before applying it to the LO port is important for 
accuracy of noise measurements when evaluating the mixer 
by itself, due to the typical LO to IF feedthrough in single bal- 
anced mixers. 

HFA3600 LNA Evaluation Notes 

The evaluation of the LNA is straightforward. SMA connec- 
tors are provided in the demo-board. There are no recom- 
mendations for evaluating the LNA block other than using 
typical RF amplifier test techniques. 

Final Note 

The cascaded evaluation of the HFA3600 LNA and mixer 
blocks including an image rejection or high pass filter is the 
best method to obtain accurate results. The gain and noise 
performance contribution of the LNA and filter to the cas- 
caded results surpass considerably the performance contri- 
bution of the mixer. The data collected by cascading the 
blocks together reflects the performance at the system level 
which includes the filter of choice for a required design. 


9-58 




SEMICONDUCTOR 


HFA5253 


PRELIMINARY 
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Features 

• High Digital Data Rate 800MHz 

• Very Fast Rise/Fall Times 500ps 

• Wide Output Range +8V to -3V 

• Precise 50Q Output Impedance 

• High Impedance, Three-State Output Control 

• Slew Rate Control 

Applications 

• IC Tester Pin Electronics 

• Pattern Generators 

• Pulse Generators 

• Level Comparator/Translator 


Ultra High-Speed Monolithic Pin Driver 


Description 

The HFA5253 is a very high speed monolithic pin driver 
solution for high performance test systems. The device will 
switch at high data rates between two input voltage levels 
providing variable amplitude pulses. Slew Rate Control pins 
provide independent control over positive and negative slew 
rate allowing the customer to optimize the pin driver speed 
for their application. The output impedance is trimmed to 
achieve a precision 50£2 source for impedance matching. 
Two differential ECL/TTL compatible inputs control the oper- 
ation of the HFA5253, one controlling the V H | GH /V LO w 
switching and the other controlling the output’s high-imped- 
ance state. The HFA5253’s 800MHz data rate makes it com- 
patible with today’s high-speed VLSI test systems and the 
+8V to -3V output swing satisfies the most stringent testing 
requirements of all common logic families. 

The HFA5253 is manufactured in Harris’ proprietary comple- 
mentary bipolar UHF-1 process. 


Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

HFA5253Y T JUNC tion <150°C DIE Form 

HFA5253CB 0°C to 50°C 20 Lead PSOP 


Pinout 


HFA5253 (PSOP) 
TOP VIEW 



POWER PSOP PACKAGE 

(HEAT SLUG SURFACE IS ELECTRICALLY FLOATING) 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1995 _ _ Q 


File Number 4003 
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Specifications HFA5253 


Absolute Maximum Ratings 

Supply Voltage 19.0V V LO w Voltage 9V to V EE 

Differential Input Voltage (DATA and HIZ) 5.0V V H)GH to V LOW Voltage 11 V to 0V (V H | GH > V L0W ) 

Output Current Continuous (Note 1) 160mA Slew Rate Control Current (+SRC, -SRC) 12mA 

Maximum Junction Temperature +150°C Operating Temperature Range 0°C to +50°C 

Lead Temperature (Soldering 10s) 300°C Storage Temperature Range -65°C to +1 50°C 

(PSOP - Lead Tips Only) Typical Thermal Resistance (°C/W) 0 JA 0 JC 

Input Voltage (Any pin except as specified) V cc to V EE 20 Lead Power SOP Package 49 2 

V 0 ut Voltage (Note 2) 9V to -4V (0 JC Measured At Copper Slug Top Center with Infinite Heat Sink) 

Vhigh Voltage V cc to -4V 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V cc = +1 1 ,2V; V EE = -6.4V; V IH = -0.9V; V, L = -1 .75V; +SRC and -SRC are Not Connected Unless 
Otherwise Specified 



INPUT CHARACTERISTICS (V H | GH » V LO w) 


v high Input Offset Voltage 


V|_ow Input Offset Voltage 


V H!GH Input Bias Current (V H)GH = -3.25V to +8.5V) 


V L ow Input Bias Current (V L0W = -3.5V to +8.25V) 


V H , GH Voltage Range 


v low Voltage Range 


V h ,gh to V L0W Differential Voltage Range (V HIGH > V LOW ) 


V H igh /v low Interaction at 500mV (Notes 4, 16) 


V H | GH /V LO w Interaction at 250mV (Notes 4, 16) 


LOGIC INPUT CHARACTERISTICS (DATA, DATA, HIZ, HIZ) 


Logic Input Voltage Range 


Logic Differential Input Voltage 


DATA/DATA Logic Input High Current (V )H = 0V, V| L = -2V) 


DATA/DATA Logic Input Low Current (V, H = 0V, V, L = -2V) 


HIZ/HIZ Logic Input High Current (V, H = 0V, V, L = -2V) 


HIZ/HIZ Logic Input Low Current (V, H = 0V, V, L = -2 V) 


TRANSFER CHARACTERISTICS 


V H | GH Voltage Gain (V H | GH = -IV to 6.5V) 


Vlow Voltage Gain (Vj_ow = -1 >5V to 6V) 


V H | GH /V L0W Linearity Error (Fullscale = 5V, Note 5) 


V H igh /v low Linearity Error (Fullscale = 10.5V, Note 6) 


V H | GH /V LO w -3dB Bandwidth (200mV P _ P ) 


(NOTE 3) 

TEST 

LEVEL TEMP 


ALL GRADES 
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Specifications HFA5253 


Electrical Specifications V cc = +1 1 ,2 V; V EE = -6.4V; V, H = -0.9V; V| L = -1 .75V; +SRC and -SRC are Not Connected Unless 
Otherwise Specified (Continued) 



(NOTE 3) 

TEST 

LEVEL TEMP 


ALL GRADES 


Typical Slew Rate Control Range (Isteal = 0mA t0 1 0mA - 5V step) 


+SRC Pin Voltage 


-SRC Pin Voltage 


SWITCHING CHARACTERISTICS (Z LOA d = 16 inches of RG-58 Terminated with 50Q) 


Propagation Delay (Notes 7, 9) 


Propagation Delay Match (Rising to Falling Edge, Notes 7, 9) 


Rising Edge Propagation Delay vs Duty Cycle (Notes 8, 9) 


Falling Edge Propagation Delay vs Duty Cycle (Notes 8, 9) 


Active to HIZ Delay (Note 9) 


HIZ to Active Delay (Note 9) 


TRANSIENT RESPONSE (Z L0AD = 16 inches of RG-58 Terminated with 5pF) 


Rise/Fall Time (1V P . P , 20% - 80%) (Note 10) 


Rise/Fall Time (3V P . P , 10% - 90%) (Note 10) 


Rise/Fall Time (5V P . P , 10% - 90%) (Note 11) 


Rise/Fall Time Match (Note 1 1 ) 


Minimum Pulse Width (1V P _ P ) (Note 12) 


Minimum Pulse Width (3V P _ P ) (Note 12) 


Minimum Pulse Width (5V P _ P ) (Note 12) 


Overshoot/Undershoot/Preshoot (3V P _ P ) 


Data Settling Time 1% (Note 13) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing, No Load at V cc = 1 1 V, V EE = -6.2V 


Output Amplitude Voltage (V Q h - V 0L ) 


DC Output Resistance (-3V to 8V) (Note 14) 


Output Leakage - HIZ (-3V to 8V) 


Output Capacitance - HIZ 


Output Current - Active 


Output Short Circuit Range (Note 2) 
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Specifications HFA5253 


Electrical Specifications V cc = +1 1 .2V; V EE = -6.4V; V )H = -0.9V; V, L = -1 .75V; +SRC and -SRC are Not Connected Unless 
Otherwise Specified (Continued) 



(NOTE 3) 

TEST 

LEVEL TEMP 


POWER SUPPLY CHARACTERISTICS (V H , GH = 5V Active, No Load) 


V H iqh Power Supply Rejection Ratio (Note 15) 


V LO w Power Supply Rejection Ratio (Note 15) 


Total Supply Current 


I C ci/*eei Supply Current 


I CC 2 / | EE 2 Supply Current 


Supply Voltage Range (V cc ) 


Supply Voltage Range (V EE ) 


Supply Voltage Range (V cc - V EE ) 


Power Dissipation (V cc = 1 1 .2 V, V EE = -6.4V, No Load) 


ALL GRADES 



mV/V 



1 . Internal Power Dissipation may limit Output Current below 1 60mA. 

2. Shorting the output to a voltage outside the specified range may damage the output. 

3. Test Level: A = 100% production tested, B = Typical or limit based on lab characterization of a limited number of lots, C = Design Infor- 
mation, goal or condition. 

4. v high t0 v low Interaction is measured as the change in V 0 ut (the active channel) due to a change in the inactive channel. V H)GH Inter- 
action at 250mV is measured as the deviation from IV as V LO w is changed from 0V to 750mV (Referred to V 0 ut)- V low Interaction at 

250mV is measured as the deviation from 0V as V H | GH is changed from IV to 250mV (Referred to V 0 ut)- 

5. For V H | GH = 0V to 5V, for V L0W = 0V to 5V, Fullscale = 5 V, 0.1% = 5mV. Output Amplitude (V HiGH - V L0W ) = 1V P _ P> 

6. For V H | GH = -2.5V to 8V, for V L ow = -3.0V to 7 -5V, Fullscale = 1 0.5V, 0. 1 % = 1 0.5mV. Output Amplitude (V H | GH - V LO w) = 1 v p-p. 

7. 3V Step, 50% duty cycle, 200ns period. 

8. 0V to 3V Step, 200ns period, Pulse Width is varied from 5ns to 195ns. 

9. Test is performed into a 50Q load with a 3V step. Measurement is made from the 50% of the input to 50% of output. 

10. Limit based on calculation. Not 100% tested. 

1 1. 5V Step, 50% duty cycle, 100ns period. 100% Tested. 

12. Minimum Pulse Width is measured 50% to 50% of specified amplitude with pulse peak at 100% of amplitude. 

13. 3V Step, measured from 50% of input to ±1% of reference value at 50ns. 

14. Dynamic Output Resistance will be higher (typ 48.5Q) than DC Output Resistance. DC Output Resistance is measured at 0V with I 0 ut 
set from 0mA to 40mA. 

15. V H | GH = 2.6V, V L0W = 2.3V, V cc = 10.2V to 1 1 .2 V, V EE = -5.4V to -6.4V. 

16. Input voltages V H igh and V LO w are corrected for Offset Voltage and Gain Error. 
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Die Characteristics 

DIE DIMENSIONS: 

2670|im x 1730pm x 525gm ±25.4pm 

METALLIZATION: 

Type: Metal 1: Cu (2%) SiAI/TiW 
Thickness: Metal 1 : 8kX ±0.4kA 
Backside: Gold 
Type: Metal 2: Cu (2%) Al 
Thickness: Metal 2: 16kA ±0.8kA 

GLASSI VATION : 

Nitride, 4kA ±0.5kA 

TRANSISTOR COUNT: 113 
SUBSTRATE POTENTIAL: Floating 

Metallization Mask Layout 

HFA5253 


+SRC V H |GH V CC1 



-SRC V L0W V EE1 
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Definition of Terms 

V 0H and V 0L 

Output High Voltage and Output Low Voltage. V 0H is the 
voltage at V 0 ut when the HIZ input is low and the DATA 
input is high. V 0 |_ is the voltage at V 0 ut when HIZ is low and 
DATA is low. The V 0 h and V 0L levels are set with the V H | GH 
and V LO w inputs respectively. 

Offset Voltage 

Offset Voltage is the DC error between the voltage placed on 
V HIGH or v LOW and the resulting Vqh and V 0L . V H1GH Offset 
Voltage Error is obtained by measuring Vqh with V H)GH set 
to OV and V LOW set to -2.5 V to minimize interaction effects. 
V L ow Offset Voltage Error is the measurement of V 0 i_ with 
V L qw set to OV and V H | GH set to +7.5V. 


Linearity Error 

Linearity Error is a measure of output voltage worst case 
deviation from a straight line that has been corrected for 
offset and 7.5V Gain. Linearity Error is given as a 
percentage of fullscale and is done in two ranges, 5V and 
10.5V. DATA is measure at 0.5V steps from -2.5V to 8V for 
V H)GH and -3 V to 7.5V for V L0W - The Linearity Error 
equation is as follows for 10.5V fullscale: 

V 0UT (IDEAL) = V |N x Gain + Offset 


Linearity Error 


v out- v out< ideal > 


The Linearity Error equation is as follows for 5V fullscale: 


Gain is defined as the ratio of output voltage change to input 
voltage change for a defined range. V H)GH Gain is calculated 
with the following equation with V L0W f |xe d at -2.5V: 

X/ r>A.M V OH (V HIGH at6 - 5V) ~ V OH (V HIGH at ' 1V) 

v high qain = Ts 

V|_ow Gain is calculated in a similar manner. 

„ „ A1M VOL^LOW^^-VOL^LOW 3 *- 1 - 5 ^ 
V LOW GAIN = 7^5 

V H)GH is held fixed at 7.5V. These Gain calculations 
minimize the effects of Interaction and End Point 
Nonlinearities. 


Linearity Error = 


^OUT - ^OUT (IDEAL) 


Linearity Error is calculated for every data point in the range 
and the worst case value is recorded. 

Vhigh to v low Interaction 

V|-|| G h to V LO w Interaction is the change in Vqut (the active 
channel) due to the inactive channel. V H)G h Interaction is 
measured as the change in V 0H from IV as V LO w is moved 
from 0V to 750mV (V LO w > s corrected for gain and offset 
errors). V LO w Interaction is measured as the change in V 0 l 
from 0V as V H | GH is moved from IV to 250mV (with V H)GH 
corrected for gain and offset errors). The minimum 
recommended difference between V H | GH and V LG w tor the 
HFA5253 is 250m V. 
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•steal - CURRENT FLOWING OUT OF +SRC FOR 
RISING EDGE OR -SRC FOR FALLING EDGE 


10 

TIME (ns) 


FIGURE 2. 5V STEP RESPONSE vs SLEW RATE CONTROL 
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Typical Performance Curves (Continued) 
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-15 -10 -5 0 


-SRC CURRENT (mA) 
FIGURE 11. (-) SLEW RATE vs I ST eal 



0123456789 10 

VOLTAGE STEP (V H , GH - V L0W ) (V) 

NOTE: The family of curves shows slew rate as a function of common mode voltage. A voltage is provided for each trace specifying one 
level of the voltage step for which slew rate is measured. Example 1 : Top Trace (V H(GH = 8V, Isteal = 0mA). A voltage step of IV goes from 
v LOW = 7V t0 V HIGH = 8V and a voltage step of 9V goes from V LOW = -1 V to V H | GH = 8V. Example 2: Trace (V L0W = -3V, Isteal = 0mA). A 
voltage step of IV goes from V LO w = _3V t0 v high = _2V and a voltage step of 9V goes from V L0W = -3V to V H)GH = 6V. 


FIGURE 12. (+) SLEW RATE vs AMPLITUDE 
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Application Information 

The HFA5253 is a pin driver designed for use in automatic 
test equipment (ATE) and high speed pulse generators. Pin 
drivers, especially those with very high-speed performance, 
have generally been implemented with discrete transistors 
(sometimes GaAs) on a circuit board or in a hybrid. Recent 
1C process improvements, specifically Harris’ UHF1 pro- 
cess^, have enabled the manufacturing of the 500MHz and 
800MHz silicon monolithic pin drivers, HFA5250, HFA5251 
and now the HFA5253. 

The ultra high speed performance of the HFA5253 is a result 
of UHF1 process leverages: low parasitic collector-to-sub- 
strate capacitance of the bonded wafer, low collector-to- 
base parasitic capacitance of the self-aligned base/emitter 
technology and ultra high f T NPN (8GHz) and PNP (5.5GHz) 
poly-silicon transistors. 

Functional Block Diagram 

The HFA5253 functional block diagram is shown in Figure 16. 

The control inputs, DATA and DATA, determines the output 
level. If DATA is at logic “1” and DATA is at logic “0”, the out- 
put l evel w ill be the same as V H | GH . If DATA is at logic “0” 
and DATA is at logic “1”, the output will be the same as 
V L0W . The control inputs, HI2 and HI2, cause the output to 
become either active or high-impedance. If HIZ is at logic “1” 
and HIZ is at logic “0”, the output will be in high impedance 
mode. If HIZ is at logic “0” and HIZ is at logic “1”, the output 
will be enabled. The output impedance in the enabled mode 
is trimmed to 50£1 


INPUT BUFFER 


* ^ 50Q 


HIZ — 

HIZ — 1> 




INPUT BUFFER 

FIGURE 16. BLOCK DIAGRAM 

Circuit Schematic 

The Pin Driver circuit consists of a switch, an output buffer, 
and two differential control elements as shown in Figure 1 7. 

A two stage approach, separating the switch from the output 
buffer, allows the speed and accuracy requirements of the 
switch to be de-coupled from the load driving capability of 
the buffer. 

The patented switch circuitry^ uses cascaded emitter fol- 
lowers as input buffers and also to switch the input V H | GH 
and V LO w t0 node VSO. Du al diffe rential pairs controlled by 
the data timing (DATA and DATA) direct current to select 


Vhigh/Vlow control 


SWITCHING STAGE 


OUTPUT STAGE 


HIZ CONTROL 
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either the V H | GH or V LO w switch. Matching transistor types 
and transdiodes improve linearity and lowers the voltage off- 
set and offset drift. Stacking two emitter-base junctions 
allows the V H | GH to V L0W range to be extended to two 
Emitter - Base breakdown voltages of the process. The 
speed of the pin driver is largely determined by the current 
flowing through the switch stage and the collector-base 
capacitance of the output stage transistors connected to the 
node VSO. The Slew Rate Control Pins, +SRC and -SRC, 
allow the user to control the amount of current available in 
the V H | GH and V LO w switch, respectively and thus the slew 
rate of node VSO. 

The output stage consists of cascaded emitter followers con- 
structed in a typical push-pull manner as shown in Figure 17. 
However, transdiodes are added to increase the voltage 
breakdown characteristics of the output during high imped- 
ance mode. HIZ and HIZ control the mode of the output 
stage. A trimmed, NiCr resistor is added to provide the 50ft 
output impedance. 

Overall, a symmetry of device types and paths is con- 
structed to improve slew and delay symmetry. Both the 
V H | G |_| to V 0U T path and the V LO w to V 0 ut path contain 
three NPN and three PNP transistors operating at similar 
collector currents. Thus the transient response of V H)GH to 
V L ow and V LO w to V H(GH are kept symmetrical. Also, a trim- 
mable current reference (not shown) allows the AC parame- 
ters to be adjusted to maintain unit to unit consistency. 

Speed Advantage 

Harris Pin Drivers on bonded-wafer technology definitely 
have a speed advantage, coming from the low collector-to- 
substrate capacitance and the high f T of the transistors. In 
addition, the patented switching stage which fits uniquely to 
Harris’ UHF1 process is another big contributor for the high 
speed. This switching circuitry requires low series-resistance 


NPN and PNP transdiodes available in UHF1. The rise and 
fall times of the pin driver are largely determined by the slew 
rate at the node VSO in Figure 17. The dominant mecha- 
nism for the slew rate is the charging/discharging of the col- 
lector-base capacitors of the transistors connected to the 
node VSO. The charging/discharging currents are coming 
from the switching stage current sources. The fast rise and 
fall times are achieved because of the negligible collector-to- 
substrate capacitance and the small base-collector capaci- 
tance due to the self-aligned recessed oxide 

The DATA/DATA differential stage is not a factor for the 
speed if its current sources have enough current not to bot- 
tleneck the transient. However it should be noted that the 
propagation delay mismatch is determined by this stage. 
Sufficient current is allocated to the differential stage current 
sources to best match the low-to-high and high-to-low tran- 
sient propagation delays. 

The specified load condition is a 16 inch 50ft SMA cable 
with a 5pF capacitor at the end of the cable. This load simu- 
lates a typical ATE environment for a DUT (Device Under 
Test) with high impedance (>1kft) digital inputs. The rise/fall 
time for HFA5253 with 5V P . P is typically 1.3ns. Pin drivers, 
built out of the same circuit structure as shown in Figure 17, 
can be made faster by trimming for a higher power supply 
current. Currently the pin driver has rise/fall times of less 
than Ins (10% to 90% of 5V P _ P ) when l cc is trimmed to 
125mA. Further speed enhancement will be made if there is 
a market demand. 

Basic ATE System Application 

Figure 18 shows a pin driver in a typical per-pin ATE system. 
The pin driver works closely with the Dual-Level Comparator 
and the Active Load. When the DUT pin acts as an input 
waiting for a series of digital signals, the pin driver becomes 
active with a logic “0” applied on the HIZ pin and provides 



DATA 


- 1 r 



rUnMAI 1 fcrf 

J 




DATA L 


DATA P | N DRIVER 


DATA EDGE/ I 

MEMORY « ► WINDOW I 

COMPARATOR! 


FAIL | FAIL 
MEMORY I* 


DUAL LEVEL COMPARATOR 


FIGURE 18. TYPICAL ATE SYSTEM 
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the DUT pin with digital signals. When the DUT pin acts as 
an output, the pin driver output will be in high impedance 
mode (HIZ) with a logic “1” applied to the “HIZ” pin. During 
this high impedance mode the pin driver presents a capaci- 
tance of less than 5pF to the DUT. Special care has to be 
taken to match the impedance (to 50Q) at the pin driver out- 
put to minimize reflections. 

The Dual-Level Comparator detects the logic levels of the 
DUT pin when it acts as an output. The comparator has two 
threshold level inputs, VCH and VCL. The logic level infor- 
mation of the DUT pin output is sent to the edge/window 
comparator through the Dual-Level Comparator. The edge/ 
window comparator interprets this information in terms of 
corresponding transient performance in conjunction with the 
timing information. Thus it detects any possible failure tran- 
sients. 

The formatter sends a sequence of digital information to the 
pin driver which contains logic information over time. The 
Active Load is enabled when the DUT pin acts as an output. 
It simulates the load of the DUT pin by sinking or sourcing 
programmed current. Finally the sequencer controls the 
overall activities of the automatic testing. 

Decoupling Circuit for Oscillation-Free 
Operation 

To ensure oscillation-free operation in ATE or pulse genera- 
tor applications, the pin driver needs an appropriate decou- 
pling circuit on a printed circuit board which consists of chip 
capacitors and chip resistors. Figures 19, 20, and 21 refer to 
a proven decoupling circuit currently working in the lab and a 
IX scale film of its associated PC board (metal level). Do not 
connect the V CC1 and V C c 2 P ins or the v eei and V EE 2 P ins 
together immediately, rather run separate traces until they can 
be joined at a large by-pass capacitor (0.1 jliF II lO.OpF). 

PARTS LIST 



VALUE 

COMPONENT 

470pF 

Chip Cap: 0805 

O.lpF 

Chip Cap: 0805 

lOpF 

Tant. 

500 

Chip Res: 0805 

1000 

Chip Res: 0805 

SMA Jacks 

Wide Body 

20 Lead PSOP 

HFA5253 

4-40 

1” Standoff 

4-40 

1/4” Screws 

Twisted Wire Assemblies with 4 Wires Each: 

One for Vqq, Vhiq^i +SRC, GND; and 1 for V EE , V|_ow> 
-SRC, GND. 


The control pins, DATA, DATA, HIZ, and HIZ are fed ECL 
signals through 50Q micro-strip lines terminated with 50Q for 
impedance matching since the input impedance at these 
pins is much higher than 50Q. At the end of the micro-strip 
lines there is usually a high-speed pulse generator with an 
output impedance of 500. A 500 micro-strip line is con- 
nected to each of the pins, DATA and HIZ through a 500 
chip resistor to monitor the pulse signals. 

The input pins, V H)GH , V LO w> +SRC, and -SRC need to be 
protected from any capacitively coupled AC noise. Normally 
this protection can be achieved by having a low pass filter 
consisting of a 500 chip resistor and a chip capacitor, 470pF 
for Vhigh/Vlow and 0.1 pF for +SRC/-SRC. Without this pro- 
tection circuit the pin driver may oscillate due to signals fed 
back from the output through the PC board ground. 

The power supply pins, V CC1 , V CC2 , V EE i, and V EE2 , require 
decoupling chip capacitors of 470pF, 0.1 pF, lOpF. Having 
decoupling capacitors close to V CC2 and V EE2 is essential 
since large AC current will flow through either V CC2 or V EE2 
during transients. 

The output of the pin driver is usually connected to the 
device-under-test (DUT) through 500 micro-strip line and 
coaxial cable which carries the signal to a high input imped- 
ance DUT pin. 


(+11.2V) V cc 


GND Vhiqh +SRC 


JL-L 

iomfTJ 

V 470pF :jr 
_|470pF 4: 

V T. 


470pF:±: 


ioufJL ±°^ f 


L 

v 471 


470pF I 


50>T0.i m f 


100 < DATA 


5Q> HIZ 


£100 L HIZ 
7 ^50 


/J j ^ 


("6.4V) V EE GND V L0W -SRC 


FIGURE 19. DECOUPLING CIRCUIT SCHEMATIC 
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FIGURE 20. IX PC BOARD LAYOUT (BOTTOM VIEW) 



FIGURE 21. IX PC BOARD LAYOUT (TOP VIEW) 
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Serial I/O Filter 


Features 

• 45MHz Clock Rate 

• 256 Tap Programmable FIR Filter 

• 24-Bit Data, 32-Bit Coefficients 

• Cascade of up to 5 Half Band Filters 

• Decimation from 1 to 256 

• Two Pin Interface for Down Conversion by Fs/4 

• Multiplier for Mixing or Scaling Input with an External 
Source 

• Serial I/O Compatible with Most DSP Microprocessors 

Applications 

• Low Cost FIR Filter 

• Filter Co-Processor 

• Digital Tuner 

Ordering Information 


PART 

NUMBER 

HSP43124PC-45 

HSP43124PC-33 

HSP43124SC-45 

HSP43124SC-33 

HSP43124SI-40 


TEMPERATURE 

RANGE PACKAGE 

0°C to +70°C 28 Lead Plastic DIP 

0°C to +70°C 28 Lead Plastic DIP 

0°C to +70°C 28 Lead Plastic SOIC (W) 

0°C to +70°C 28 Lead Plastic SOIC (W) 

-40°C to +85°C 28 Lead Plastic SOIC (W) 


Block Diagram 

din — jr ~ 

SCLK — ► £ 

SYNCIN — ♦ g | 

MXIN — ► “ § j 

SYNCMX — ► “■ 


Description 

The Serial I/O Filter is a high performance filter engine that is 
ideal for off loading the burden of filter processing from a 
DSP microprocessor. It supports a variety of multistage filter 
configurations based on a user programmable filter and 
fixed coefficient halfband filters. These configurations 
include a programmable FIR filter of up to 256 taps, a cas- 
cade of from one to five halfband filters, or a cascade of half- 
band filters followed by a programmable FIR. The half band 
filters each decimate by a factor of two, and the FIR filter 
decimates from one to eight. When all six filters are 
selected, a maximum decimation of 256 is provided. 

For digital tuning applications, a separate multiplier is pro- 
vided which allows the incoming data stream to be 
multiplied, or mixed, by a user supplied mix factor. A two pin 
interface is provided for serially loading the mix factor from 
an external source or selecting the mix factor from an on- 
board ROM. The on-board ROM contains samples of a sinu- 
soid capable of spectrally shifting the input data by one 
quarter of the sample rate, F s /4. This allows the chip to func- 
tion as a digital down converter when the filter stages are 
configured as a low-pass filter. 

The serial interface for input and output data is compatible 
with the serial ports of common DSP microprocessors. Coef- 
ficients and configuration data are loaded over a bidirec- 
tional eight bit interface. 



DOUT 

SYNCOUT 

CLKOUT 



CONTROL 

INTERFACE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 . n 0 
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Pinout 


28 LEAD DIP, SOIC 

TOP VIEW 


sclk[T 


28] DIN 

SYNCIN |T 


27~| DOUT 

gnd|T 


26] SYNCOUT 

MXIN [T 


25] CLKOUT 

SYNCMX [F 


24] V CC 

FSYNC# |~F 


23] C7 

VccE 


22] C6 

fclk[T 


21~| C5 

wr#|T 


20] C4 

RD#[io~ 


Ti] GND 

Ao[rT 


Ti] C3 

A1 [l2~ 


17] C2 

a2 QT 


Ti] ci 

VocEI 


Ti] co 
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Pin Description 


NAME 

PDIP, SOIC PIN 

TYPE 

DESCRIPTION 

< 

o 

o 

7, 14, 24 

- 

+5V Power Supply 

GND 

3, 19 

- 

Ground 

DIN 

28 

■ 

Serial Data Input. The bit value present on this input is sampled on the rising edge 
of SCLK. A “HIGH” on this input represents a “1”, and a low on this input represents 
“0”. The word format and operation of serial interface are contained in the Data Input 
Section. 

SYNCIN 

2 

1 

Data Sync. The HSP43124 is synchronized to the beginning of a new data word on 
DIN when SCLK samples SYNCIN “HIGH” one SCLK before the first bit of the new 
word. Note: SYNCIN should not maintain a “HIGH” state for longer than one SCLK 
cycle. 

SCLK 

1 

■ 

Serial Input CLK. The rising edge of SCLK clocks data on DIN and MXIN into the 
part. The following signals are synchronous to this clock: DIN, SYNCIN, MXIN, 
SYNCMX. 

MXIN 

4 

■ 

Mix Factor Input. MXIN is the serial input for the mix factor. It is sampled on the rising 
edge of SCLK. A “HIGH” on this input represents a “1”, and a low on this input rep- 
resents “0”. Also used to specify the Weaver Modulator ROM output. Details on word 
format and operation are contained in the Mix Factor Section. 

SYNCMX 

5 

■ 

Mix Factor Sync. The HSP43124 is synchronized to the beginning of a serially input mix 
factor when SCLK samples SYNCMX “HIGH” one SCLK before the first bit of the new 
mix factor. Note: SYNCMX should only pulse “HIGH” for one SCLK cycle. Also used to 
specify Weaver Modulator ROM output. 

FCLK 

8 

■ 

Filter Clock. The filter clock determines the processing speed of the Filter Compute 
Engine. Clock rate requirements on FCLK for particular filter configurations is dis- 
cussed in the Filter Compute Engine Section. This clock may be asynchronous to the 
serial input clock (SCLK). FSYNC# is synchronous to this clock. 

FSYNC# 

6 

■ 

Filter Sync. This input, when sampled low by the rising edge of FCLK, resets the filter 
compute engine so that the data sample following the next SYNCIN cycle is the first 
data sample into the filter structure. If a data stream is currently being input, the cur- 
rent sum of products and the input data are “canceled” and the DIN pin is ignored 
until the next SYNCIN cycle occurs. 

WR# 

9 

■ 

Write. The falling edge of WR# loads data present on CO-7 into the configuration or 
coefficient register specified by the address on AO-2. The WR# signal is asynchro- 
nous to all other clocks. Note: WR# should not be low when RD# is low. 

RD# 

10 

■ 

Read. The falling edge of RD# accesses the control registers or coefficient RAM ad- 
dressed by AO-2 and places the contents of that memory location on CO-7. When 
RD# returns “HIGH" the CO-7 bus functions as an input bus.The RD# pin is asyn- 
chronous to all other clocks. Note: RD# should not be low when WR# is low. 

AO-2 

11, 12, 13 

■ 

Address Bus. The AO-2 inputs are decoded on the falling edge of both RD# and 
WR#. Table 1 shows the address map for the control registers. 

CO-7 

15, 16, 17, 18, 20, 
21,22, 23 

I/O 

Control and Coefficient bus. This bi-directional bus is used to access the control reg- 
isters and coefficient RAM. 

CLKOUT 

25 

0 

Output Clock. Programmable bit clock for serial output. Note: assertion of 
FILTSYNC# initializes CLKOUT to a high state. 

SYNCOUT 

26 

0 

Output Data Sync. SYNYOUT is asserted HIGH for one CLKOUT cycle before the 
first bit of a new output sample is available on DOUT. 

DOUT 

27 

0 

Serial Data Output. The bit stream is synchronous to the rising edge of CLKOUT. 
See the Serial Output Formatter section for additional details. 
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FIGURE 1. SERIAL FILTER BLOCK DIAGRAM 


Functional Description 

The HSP43124 is a high performance digital filter designed 
to process a data stream which is input serially. A second 
serial input is provided for inputting mix factors which are 
multiplied by the input samples as shown in Figure 1. The 
result of this operation is passed to the Filter Compute 
Engine for processing. 

The Filter Compute Engine centers around a single multiply/ 
accumulator (MAC). The MAC performs the sum-of-products 
required by a particular filter configuration. The processing 
rate of the MAC is determined by the filter clock, FCLK. 
Increasing FCLK relative to the input sample rate increases 
the length of filter that can be realized. 

The filtered results are passed to the Output Formatter 
where they are rounded or truncated to a user defined bit 
width. The Output Formatter then generates the timing and 
synchronization signals required to serially transmit the data 
to an external device. 

Filter Configuration 

The HSP43124 is configured for operation by writing a 
series of control registers. These registers are written 
through a bidirectional interface which is also used for read- 
ing the control registers. The interface consists of an 8-bit 
data bus, CO-7, a 3-bit address bus, AO-2, and read/write 
lines, RD# and WR#. The address map for the control regis- 
ters is shown in Table 1 . 


Data is written to the control registers on the falling edge of the 
WR# input. This requires that the address, AO-2, and data, CO-7, 
be set up to the falling edge of the WR# as shown in Figure 2. 
Note: WR# should not be active low when RD# is active low. 

Data is read from the control registers on the falling edge of 
the RD# input. The contents of a particular register are 
accessed by setting up an address, AO-2, to the falling edge 
of RD# as shown in Figure 2. The data is output on CO-7. 
The data on CO-7 remains valid until RD# returns HIGH, at 
which point the CO-7 bus is Three-Stated and functions as 
an input. For proper operation, the address on AO-2 must be 
held until RD# returns “high” as shown in Figure 2. Note: 
RD# should not be active low when WR# is active low. 


WRITE TIMING 



x mzz jc z_z=x=: 



FIGURE 2. READ/WRITE TIMING 
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ADDRESS 

REGISTER DESCRIPTION 

000 

Filter Configuration 

001 

Programmable Filter Length 

010 

Coefficient RAM Access 

011 

Input Format 


TABLE 1. CONFIGURATION REGISTERS 


BIT 

POSITIONS 


BIT FUNCTION 






Specifies the number of halfbands to use. Number ranges from 0 to 5. 
Other values are invalid. 


Filter Enable bit. 1 = Enable. 


Coefficient read enable. When set to 1, enables reading and disables 
writing of coefficient RAM. Note: this bit must be set to 0 prior to writing 
the Coefficient RAM. 


Decimation Rate. Range is 1-8 (8 = 000). 


Number of Taps in the Programmable Filter. For even or odd symmetric 
filters, values range from 4- 256, 1 to 3 are invalid, and 0000000 = 256. 
For asymmetric filters, the value loaded in this register must be two 
times the actual number of coefficients. 


Coefficient RAM is loaded by multiple writes to this address. See Writing 
Coefficients section for additional details. 


Number of bits in input data word, from 8 (01000) to 24 (11000). Values 
outside the range of 8 - 24 are invalid. 


Number System. 0 = Two’s Complement, 1 = Offset Binary. 


Serial Format. 1 = MSB First, 0 = LSB First. 


Unused 


Number of FCLKS per CLKOUT. Range 1 to 32. (00000 = 32 FCLKS) 


1 = MSB First, 0 = LSB First. 


Unused 


Number of bits in output data word, from 8 to 32. A value of 32 is repre- 
sented by 00000, and values from 1 to 7 are invalid. 


Round Select. 0 = Round to Selected Number of Bits, 1 = Truncate. 


Number System. 0 = Two’s Complement, 1 = Offset Binary. 


Gain Correction. 1 = Apply scale factor of 2 to data. 0 = No Scaling. 


00 = Even Symmetric FIR Coefficients 

01 = Non-Symmetric Coefficients 
10 = Odd Symmetric FIR 


Reserved: Must be 0. 


Number of bits in mix factor, from 8 (01000) to 24 (11000). Values out- 
side the range of 8 - 24 are invalid. 


Serial Format. 1 = MSB First, 0 = LSB First. 


Mix Factor Select. 1 = Serial Input, 0 = Weaver modulator look-up-table. 


Unused 



Writing Coefficients 

The HSP43124 provides a register bank to store filter coeffi- 
cients for configurations which use the programmable filter. 
The register bank consists of 128 thirty-two-bit registers. 
Each register is loaded by 4 one byte writes to the bidirec- 
tional interface used for loading the configuration registers. 
The coefficients are loaded in order from least significant 
byte (LSB) to most significant byte (MSB). 


The coefficient registers are loaded by first setting the 
coefficient read enable bit to “0” (bit 4 of the Filter Configura- 
tion Register). Next, coefficients are loaded by setting the 
A2-0 address to 010 (binary) and writing one byte at a time 
as shown in Figure 3. The down loaded bytes are stored in a 
holding register until the 4th write cycle. On completion of 
the fourth write cycle, the contents of the holding register are 
loaded into the Coefficient RAM, and the write pointer is 
incremented to the next register. If the user attempts to write 
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more than 128 coefficients, the pointer halts at the 128th 
register location, and writing is disabled. The coefficient 
address pointer is reset when any other configuration regis- 
ter is written or read. Note: a new coefficient set may be 
loaded during a filter calculation at the risk of corrupting out- 
put data until the load is complete. 


JTJTJTJTJTJTJl^ 

X II . 

I | A0-2 = 010 (BINARY) ••• 

i I 

"" yLSBy*~y~yMSByLSBy~y‘" ,, "y^ • • • 


of length N, N/2 coefficients must be loaded if the filter length 
is even, and (N+1)/2 coefficients must be loaded if the filter 
length is odd. For example, a 17 tap symmetric filter would 
require the loading of 9 coefficients. Enough storage is pro- 
vided for a 256 tap symmetric filter. 


INPUT 

rlT 

CO J 

L ci 


first „ 

FILTER TAP 



^^^LAST 

FILTER TAP 


FIRST COEFFICIENT SECOND COEFFICIENT 

FIGURE 3. COEFFICIENT LOADING 

The number of coefficients that must be loaded is dependent 
on whether the coefficient set exhibits even symmetry, odd 
symmetry, or asymmetry (see Figure 4). 

EVEN SYMMETRIC 


POINT 

^ OF ^ 
SYMMETRY 


ODD LENGTH 



EVEN LENGTH 



NOTE: Filters with even symmetric coefficients exhibit symmetry 
about the center of the coefficient set. Most FIR filters have 
coefficients which are symmetric in nature. 

ODD SYMMETRIC 

CENTER OF 

0 5 ' ^ COEFFICIENT SET 



NOTE: Odd symmetric coefficients have a coefficient envelope 
which has the characteristics of an odd function (i.e. coefficients 
which are equidistant from the center of the coefficient set are equal 
in magnitude but opposite in sign). Coefficients designed to function 
as a differentiator or Hilbert Transform exhibit these characteristics. 

ASYMMETRIC 



FIGURE 5. THREE TAP TRANSVERSAL FILTER 
ARCHITECTURE 

For asymmetric filters the entire coefficient set must be 
loaded. The coefficients are loaded in order starting with the 
first tap and ending with the final filter tap (see Figure 5 for 
tap/coefficient association). Enough storage is provided for a 
128 tap asymmetric filter. For asymmetric filters the value 
loaded into the Programmable Filter Length Register 
addressed must be twice the actual number of coefficients. 

Reading Coefficients 

The coefficients are read from the storage registers one byte 
at a time via CO-7 as shown in Figure 6. To read the coeffi- 
cients, the user first sets the Coefficient Read Enable bit to 1 
(bit 4 of Filter Configuration Register). Setting this bit resets 
the RAM read pointer and disables the RAM from being writ- 
ten. Next, with A2-0 = 010, multiple “high” to “low” transitions 
of RD#, output the coefficients on CO-7, one byte at a time, 
in the order they were written. Note: RD# should not be “low” 
when WR# is “low”. 

rd * _|”|_| - |JTJTJTJTJ _ L nj ••• 

AO-2 VIII AO-2 = 010 (BINARY) ~ • • • 

co-7 


NOTE: Asymmetric Coefficient sets exhibit no symmetry. 

FIGURE 4. COEFFICIENT CHARACTERISTICS 

For filters that exhibit either even or odd symmetry, only the 
unique half of the coefficient set must be loaded. The coeffi- 
cients are loaded in order starting with the first filter tap and 
ending with the center tap. The coefficient associated with 
the first tap is the first to be multiplied by an incoming data 
sample as shown in Figure 5. For even/odd symmetric filters 


FIRST COEFFICIENT SECOND COEFFICIENT 

FIGURE 6. COEFFICIENT READING 

Data Input 

Data is serially input to the HSP43124 through the DIN input. 
On the rising edge of SCLK, the bit value present at DIN is 
clocked into the Variable Length Shift Register. The 
beginning of a serial data word is designated by asserting 
SYNCIN “high” one SCLK prior to the first data bit as shown 
in Figure 7. On the following SCLK, the first data bit is 
clocked into the Variable Length Shift Register. Data bits are 
clocked into the shift register until the data word, of user 
programmable length (8 to 24-bits), is complete. At this 
point, the shifting of data into the register is disabled and its 
contents are held until SYNCIN is asserted on the rising 
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edge of SCLK. When this occurs, the contents of the 
Variable Length Shift Register are transferred to the Input 
Holding Register, and the shift register is enabled to accept 
serial data on the following SCLK. The serial data word may 
be two’s complement or offset binary and may be input most 
significant bit (MSB) first or least significant bit (LSB) first as 
defined in the Input Format Register (see Table 1). If a data 
word is specified to be less than 24-bits, the least significant 
bits of the Input Holding Register are zeroed. Note: SYNCIN 
should not be “high” for longer than one SCLK cycle. 


■“ jxru-i/lru-LTmj 



given in Table 2. When SYNCIN is high on the rising edge of 
SCLK, the output of the ROM is transferred to the Mix Factor 
holding register, and the SYNCMX and MXIN inputs are 
decoded to produce a new ROM output. As a result, there is 
a latency of one SYNCIN cycle between when the SYNCMX 
and MXIN inputs are decoded and when the ROM output is 
loaded into the Mix Factor Holding register. 


TABLE 2. WEAVER MODULATOR ROM DECODING 



NOTE: Assumes data is being loaded LSB first. 

FIGURE 7. SERIAL INPUT TIMING FOR EITHER DIN OR MXIN 
INPUTS 

Mix Factor 

The HSP43124 provides a second serial interface for load- 
ing values which are multiplied by the input samples in the 
serial multiplier. These values, or mix factors, are input using 
the MXIN and SYNCMX pins. Aside from being used as a 
serial input, this interface can also be used to select mix fac- 
tors from the Weaver Modulator ROM. The mix factor source 
is specified in the Mix Factor Format Register (see Table 1). 
Note: data is passed unmodified through the serial multiplier 
by selecting the Weaver Modulation ROM as the mix factor 
source and tieing both SYNCMX and MXIN “high”. 

The procedure for loading mix factors serially is similar to 
that for the loading of data via the DIN input. The bit value 
present on MXIN is clocked into the Variable Length Shift 
register by the rising edge of SCLK. The beginning of the 
serial word is designated by the assertion of SYNCMX one 
SCLK prior to the first bit of the serial word as shown in Fig- 
ure 7. After the serial word has been clocked into the shift 
register, the shifting of bits into the register is disabled and 
its contents are held until the next assertion of SYNCMX. 
When SYNCMX is asserted on the rising edge of SCLK, the 
contents of the Variable Length Shift register are transferred 
into the Mix Factor Holding Register. The parallel output of 
the Mix Factor Holding Register feeds directly into the serial 
multiplier. The mix factor data word is programmable in 
length from 8 to 24-bits and may be input MSB or LSB first 
as specified in the Mix Factor Format Register. If a data word 
is specified to be less than 24-bits, the least significant bits 
of the Mix Factor Holding Register are zeroed. 

In configurations which use the Weaver Modulator ROM to 
generate the mix factors, the MXIN and SYNCMX inputs 
function as ROM addresses. These inputs are latched on the 
rising edge of SCLK when SYNCIN is high as shown in Fig- 
ure 9. The mapping of SYNCIN and MXIN to ROM outputs is 


Serial Multiplier 

The Serial Multiplier multiplies the Mix Factor Holding 
register by the contents of the Input Holding register. The 
multiplication cycle is initiated when SYNCIN is sampled 
high by the rising edge of SCLK. This transfers the contents 
of the Variable Length Shift register to the Input Holding 
Register, and loads the output of the Mix Factor Holding 
Register into the Serial Multiplier. On subsequent SCLKs, 
the contents of the Input Holding Register are shifted into the 
Serial Multiplier for processing. When the last data bit is 
shifted into the multiplier, the multiplication cycle is complete 
and the result is written to the Register File on the next rising 
edge of FCLK. 

The synchronization between a data sample and the mix 
factor it is to be multiplied by is dependent on which mix fac- 
tor source is specified. For mix factors which are input seri- 
ally, the mix factor is loaded concurrently with the data 
sample to be multiplied (see Figure 8). 


sclk _jT_pjT‘ • • jn-P-P-nj 

SYNCIN /“N— i •••_/ rs i 

i 1 i i 



MO 


FIGURE 8. DATA/MIX FACTOR SYNCHRONIZATION FOR 
SERIALLY INPUT MIX FACTORS 

NOTE: Figure 8 shows the loading of a data sample, XO, such that it 
will be multiplied by a mix factor designated by MO. For mix factor bit 
widths which are less than the input bit width, SYNCMX may be 
asserted before SYNCIN if desired. 
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If the mix factor is generated by the Weaver Modulator ROM, 
the mix factor must be specified on MXIN and SYNCMX one 
SYNCIN before that which precedes the target data word 
(see Figure 9). 


’“JVUTJ'tJTJTJTJTJ 

SYNCIN 

DIN 


SYCNMX/ 

MXIN 


FIGURE 9. DATA/MIX FACTOR SYNCHRONIZATION WEAVER 
MODULATOR MIX FACTORS 

NOTE: Figure 9 shows the specification of a ROM based mix factor, 
MO, so that it will be multiplied with the target data sample designated 
by XO. 

Filter Compute Engine 

The Filter Compute Engine centers around a multiply accu- 
mulator which is used to perform the sum-of-products 
required for a variety of filtering configurations. These con- 
figurations include a cascade of up to 5 halfband filters, a 
single symmetric filter of up to 256 taps, a single asymmetric 
filter of up to 128 taps, or a cascade of halfband filters fol- 
lowed by a programmable filter. The filter configuration is 
specified by programming the Filter Configuration Register 
(see Table 1). 

The cascade of up to five halfband filters is an efficient deci- 
mating filter structure. Each fixed coefficient filter in the chain 
introduces a decimation of two, and the aggregate decima- 
tion rate of the entire halfband filtering stage is given by 

DEC hb = 2< NUMBER 0F HALFBAND FILTERS SELECTED) 

Thus, a cascade of 3 halfband filters would decimate the 
input sample stream by a factor of 8. 

The frequency responses of the five filters is presented 
graphically in Figure 10 and in tabular form in Table 3. The 
transition band for the fifth halfband filter, HB5, is the narrow- 
est while that for the first halfband filter, HB1, is the widest. 
The cascade of the halfband filters always terminates with 
HB5 and is preceded by filters in order of increasing transi- 
tion bandwidth. For example, if the HSP43124 is configured 
to operate with three halfbands, the chain of filters would 
consist of HB3 followed by HB4 and terminated with HB5. If 
only one halfband is selected, HB5 is used. 




FREQUENCY 

FIGURE 10. COMPOSITE RESPONSE OF FIXED COEFFICIENT 
HALFBAND FILTERS 

The coefficients for each of the halfband filters is given in 
Table 4. These values are the 32-bit, two’s complement, 
integer representation of the filter coefficients. Scaling these 
values by 2 31 yields the fractional two’s complement 
coefficients used to achieve unity gain in the Filter 
Processor. 

If a specific frequency response is desired, a programmable 
filter may be activated. The filter compute engine takes 
advantage of symmetry in FIR coefficients is by summing 
data samples sharing a common coefficient prior to 
multiplication. In this manner, two filter taps are calculated 
per multiply accumulate cycle. If an asymmetric filter is 
specified, only one tap per multiply accumulate cycle is 
calculated. 

The processing rate of the Filter Compute Engine is 
proportional to FOLK. As a result, the frequency of FCLK 
must exceed a minimum value to insure that a filter 
calculation is complete before the result is required for 
output. In configurations which do not use decimation, one 
input sample period is available for filter calculation before 
an output is required. For configurations which employ 
decimation, up to 256 input sample periods may be available 
for filter calculation. The following equation specifies the 
minimum FCLK rate required for configurations which use 
the programmable filter as an FIR filter. 

Min FCLK = (14F s /DEC HB )(TAPS/(2*DEC nR ) + HB CLKS + 1) 

In this equation F s is the sample rate, TAPS is the number of 
taps in the FIR filter (0 to 256), DEC F | R is the decimation rate 
of the programmable FIR (1 to 8), and HB CLKS is a compute 
clock factor based on the number of halfband filters in the 
configuration (see Table 5). The term DEC HB is the aggre- 
gate decimation rate for the cascade of halfband filters (see 
Table 5). For example, if the input sample rate is 800kHz, a 
128 tap FIR filter with no decimation is selected, and a cas- 
cade of 2 halfband filters is used, a minimum FCLK rate of 
19.6MHz would be required. 

NOTE: For configurations in which the halfband filters are used, the 
FCLK rate must exceed 14F S . 





HSP43124 


FREQUENCY RESPONSE OF HALFBAND F 


NORMALIZED 

FREQUENCY 


HALFBAND 

#1 


HALFBAND 

#2 


HALFBAND 

#3 


HALFBAND 

#4 


HALFBAND 

#5 



- 158.914017 
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NORMALIZED 

FREQUENCY 


TABLE 3. FREQUENCY RESPONSE OF HALFBAND FILTERS (Continued) 


HALFBAND 

#1 


HALFBAND 

#2 


HALFBAND 

#3 


HALFBAND 

#4 


- 203.460876 


- 158.939362 


- 166.537369 


HALFBAND 

#5 



- 154.637756 


- 153.870453 


- 152.278915 


- 164.329758 


- 153.507477 


TABLE 4. HALFBAND FILTER COEFFICIENTS (32-BITS, UN-NORMALIZED) 


COEFFICIENT 


HALFBAND #1 




HALFBAND #3 


HALFBAND #4 


HALFBAND #5 
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TABLE 5. PERFORMANCE ENVELOPE PARAMETERS 



The longest length FIR filter realizable for a particular config- 
uration is determined by solving the above equation for 
TAPS. The resulting expression is given below. 

Max TAPS = 2 DEC F | R ((FCLK/F s )DEC hb - HB CLKS - 1) 

The maximum throughput sample rate may be specified by 
solving the above equation for F s . The resulting equation is 

Max F s = FCLK*DEC hb /(TAPS/(2*DEC rr ) + HB CLKS + 1). 

NOTE: For configurations using filters with asymmetric coefficients, 
the term TAPS in the above equations should be multiplied 
by two in order to determine the correct FOLK. 

The Filter Compute Engine is synchronized with an incoming 
data stream by asserting the FYSNC# input. When this input 
is sampled low by the rising edge of FCLK, the Compute 
Engine is reset, and the data word following the next asser- 
tion of SYNCIN is recognized as the first data sample input 
to the filter structure. 


desired length and the format of the output data may be 
specified as either two's complement or offset binary. To 
simplify applications where the Serial I/O Filter is used as a 
down converter, the output formatter can be configured to 
scale the output by a factor of 2. The above options are 
programmed via the Output Format and Output Timing 
Registers given in Table 1 . 

The HSP43124 outputs a bit stream through DOUT which is 
synchronous to a programmable clock signal output on CLK- 
OUT. The output clock, CLKOUT, is derived from FCLK and 
has a programmable rate from 1 to V 32 times FCLK. The 
duty cycle of CLKOUT is 50% for rates that have an even 
number of FCLKs per CLKOUT. For rates that have and odd 
number of FCLKs per CLKOUT the high portion of the CLK- 
OUT waveform spans (n+1)/2 FCLKs and the low portion 
spans (n-1)/2 FCLKs where n is the number of FCLKs. 

External devices synchronize to the beginning of an output 
data word by monitoring SYNCOUT. This output is asserted 
“high” one CLKOUT prior to the first bit of the next data word 
as shown in Figure 11. 

CLKOUT_|X|-qj^\jXnjn_|lJ 




NOTE: Assumes data is being output LSB first. 

FIGURE 11. SERIAL OUTPUT TIMING 


Serial Output Formatter 

The Output Formatter serializes the parallel output of the 
filter compute engine while generating the timing and 
synchronization signals required to support a serial 
interface. The Formatter produces serial data words with 
programmable lengths from 8 to 32-bits. The data words 
may be organized with either most or least significant bit 
first. Also, the data word may be rounded or truncated to the 


Input and Output Data Formats 

The data formats for the input, output and coefficients are 
fractional two’s complement. The bit weightings in the data 
words are given in Figure 12. Input or output data words pro- 
grammed to have less than 24-bits, map to the most signifi- 
cant bit positions of the 24-bit word. For example, an input 
word defined to be 8-bits wide would map to the bit positions 
with weightings from -2° to 2 7 . 


FRACTIONAL TWO’S COMPLEMENT FORMAT FOR 24-BIT INPUT AND OUTPUT 


- 2 ^« 2' 1 2* 2 2' 3 2‘ 4 2* 3 2" 3 2 ’^ 2" 3 2" 3 2 *^ 2 *^ 2 *^ 2 2 *^ 3 2 ^ 4 2 ’^ 2 ”^ 3 2 '^ 2 ’^ 3 2 "^ 3 2 * 23 2 " 2 ^ 2 " 22 2' 23 


FRACTIONAL TWO’S COMPLEMENT FORMAT FOR 32-BIT COEFFICIENTS 



_2 0 2' 1 2‘ 2 2' 3 2' 4 2" 3 2" 3 2 "^ 2 3 2" 3 2 '^ 3 2 "^ 2 "^ 2 2 *^ 3 2 '^ 4 2 "^ 3 2 "^ 3 2 *^ 2 "^ 3 2 "^ 2 " 2 ^ 2 * 2 ^ 2* 22 2' 23 2" 24 2 " 23 2 " 23 2 " 2 ^ 2 " 23 2 " 23 2 " 33 2 " 3 ^ 


FIGURE 12. DATA FORMATS 
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Specifications HSP43124 


Absolute Maximum Ratings 

Supply Voltage +7.0V 

Input, Output Voltage GND -0.5V to V cc +0.5V 

Storage Temperature -65°C to +150°C 

ESD Class 1 

Junction Temperature +150°C (SOIC, PDIP) 

Lead Temperature (Soldering 10s) +300°C 

(SOIC - Lead Tips Only) 

Gate Count 40,304 


Thermal Information (Typical) 


Thermal Resistance 0 JA 

SOIC Package 65°C/W 

Plastic DIP Package 55°C/W 

Maximum Package Power Dissipation 

SOIC Package (Commercial) +70°C 1.23W 

Plastic DIP Package (Commercial) +70°C 1.45W 

SOIC Package (Industrial) +85°C 1.00W 

Plastic DIP Package (Industrial) +85°C 1.18W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range (Commercial) 4.75V to 5.25V Operating Temperature Range (Commercial) 0°C to +70°C 

Operating Voltage Range (Industrial) 4.75V to 5.25V Operating Temperature Range (Industrial) -40°C to +85°C 


DC Electrical Specifications (V cc = 5.ov ±5%, t a = o° to +70°C) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

Power Supply Current 

■ccop 

■ 

203 

mA 

V cc = Max, FOLK = SCLK = 45MHz 

Notes 1 , 2 

Standby Power Supply Current 

•CCSB 

- 

500 

uA 

V cc = Max, Outputs Not Loaded 

Input Leakage Current 

h 

-10 

10 

uA 

V cc = Max, Input = 0V or V cc 

Output Leakage Current 

lo 

-10 

10 

pA 

V cc = Max, Input = 0V or V cc 

Clock Input High 

V IHC 

3.0 

- 

V 

V cc = Max, FCLK and SCLK 

Clock Input Low 

V ILC 

- 

0.8 

V 

V cc = Min, FOLK and SCLK 

Logical One Input Voltage 

V,H 

2.0 

- 

V 

V C c = Max 

Logical Zero Input Voltage 

V|L 

- 

0.8 

V 

Vcc = Min 

Logical One Output Voltage 

V OH 

2.6 

- 

V 

I 0 h = -5mA, V C c = Min 

Logical Zero Output Voltage 

VOL 

- 

0.4 

V 

l OL = 5mA, V C c = Min 

Input Capacitance 

C IN 

- 

10 

PF 

FCLK = SCLK = 1MHz 

All Measurements Referenced to GND. 

T a = +25°C, Note 3 

Output Capacitance 

C OUT 

- 

10 

pF 


NOTES: 

1 . Power supply current is proportional to frequency. Typical rating is 4.5mA/MHz. 

2. Output load per test circuit and C L = 40pF. 

3. Not tested, but characterized at initial design and at major process/design changes. 
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Specifications HSP43124 


AC Electrical Specifications (Note 1) V cc = +4.75V to +5.25V, T a = 0°C to +70°C (Commercial) 

V cc = +4. 75V to +5. 25V, T A = -40°C to +85°C (Industrial) 




45MHz 

40MHz 

33MHz 


PARAMETER 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

COMMENTS 

FCLK, SCLK Period 

T C P 

22 

- 

25 

- 

30 

- 

ns 

FCLK, SCLK High 

Tch 

8 

- 

10 

- 

12 

- 

ns 

FCLK, SCLK Low 

Tcl 

8 

- 

10 

- 

12 

- 

ns 

Setup Time DIN, MXIN, SYNCIN, SYNCMX to SCLK 

T D s 

8 


8 

- 

9 

- 

ns 

Hold Time DIN, MXIN, SYNCIN, SYNCMX from SCLK 

Tdh 

0 

- 

0 

- 

0 

- 

ns 

Setup Time FSYNC to FCLK 

Tss 

8 


8 

- 

8 

- 

ns 

Hold Time FSYNC from FCLK 

T S h 

0 

- 

0 

- 

0 

- ’ 

ns 

Setup Time CO-7, AO-2 to Falling Edge of WR# 

T ws 

10 

- 1 

10 

- 

10 

- 

ns 

Hold Time CO-7, AO-2 from Falling Edge of WR# 

t wh 

3 

- 

3 

- 

3 

- : 

ns 

Setup Time AO-2 to Falling Edge of RD# 

t rs 

10 

- 

10 

- 

10 

- 

ns 

Hold Time AO-2 from Rising Edge of RD# 

Trh 

0 

- 

0 

- 

0 

- 

ns 

WR# High 

t wrh 

10 

- 

10 

- 

12 

- 

ns 

WR# Low 

t wrl 

10 

- 

10 

- 

12 

- 

ns 

RD# High 

t rdh 

10 

- 

10 

- 

10 

- 

ns 

RD# Low to Data Valid 

t rdo 

- 

25 

- 

25 

- 

25 

ns 

RD# High to Output Disable 

t od 

- 

6 

- 

6 

- 

6 

ns 

FCLK to CLKOUT 

t foc 

- 

12 

- 

13 

- 

14 

ns 

CLKOUT to SYNCOUT, DOUT 

t do 

- 

8 

- 

9 


10 

ns 

Output Rise, Fall Time 

t rf 

- 

3 

- 

3 

- 

3 

ns, Note 2 


1 . AC tests performed with C L = 40pF, I 0 l = 5mA, and Iqh = -5mA. Input reference level for FCLK and SCLK is 2.0V, all other inputs 1 .5 V. 
Test V| H = 3.0V, V| HC = 4.0V, V, L = 0V. 

2. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or 
changes. 
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Features 

• Two Independent 8-Tap FIR Filters Configurable as a 
Single 16-Tap FIR 

• 10-Bit Data and Coefficients 

• On-Board Storage for 32 Programmable Coefficient 
Sets 

• Up To: 256 FIR Taps, 16 x 16 2-D Kernels, or 10 x 19-Bit 
Data and Coefficients 

• Programmable Decimation to 16 

• Programmable Rounding on Output 

• Standard Microprocessor Interface 

Applications 

• Quadrature, Complex Filtering • Image Processing 

• PolyPhase Filtering • Adaptive Filtering 

Ordering Information 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HSP43168VC-33 

0°C to +70°C 

100 Lead Plastic MQFP 

HSP43168VC-40 

0°C to +70°C 

100 Lead Plastic MQFP 

HSP431 68VC-45 

0°C to +70°C 

100 Lead Plastic MQFP 

HSP43168JC-33 

0°C to +70°C 

84 Lead PLCC 

HSP43168JC-40 

0°C to +70°C 

84 Lead PLCC 

HSP43168JC-45 

0°C to +70°C 

84 Lead PLCC 

HSP43168GC-33 

0°C to +70°C 

84 Lead CPGA 

HSP43168GC-45 

0°C to +70°C 

84 Lead CPGA 


Block Diagram 


CINO - 9 - 
AO - 8 - 
WR #- 
CSELO - 4 - 


Description 

The HSP43168 Dual FIR Filter consists of two independent 
8-tap FIR filters. Each filter supports decimation from 1 to 16 
and provides on-board storage for 32 sets of coefficients. 
The Block Diagram shows two FIR cells each fed by a 
separate coefficient bank and one of two separate inputs. 
The outputs of the FIR cells are either summed or 
multiplexed by the MUX/Adder. The compute power in the 
FIR Cells can be configured to provide quadrature filtering, 
complex filtering, 2-D convolution, 1-D/2-D correlations, and 
interpolating/decimating filters. 

The FIR cells take advantage of symmetry in FIR 
coefficients by pre-adding data samples prior to 
multiplication. This allows an 8-tap FIR to be implemented 
using only 4 multipliers per filter cell. These cells can be 
configured as either a single 16-tap FIR filter or dual 8-tap 
FIR filters. Asymmetric filtering is also supported. 

Decimation of up to 16 is provided to boost the effective 
number of filter taps from 2 to 16 times. Further, the 
decimation registers provide the delay necessary for 
fractional data conversion and 2-D filtering with kernels to 
16x16. 

The flexibility of the Dual is further enhanced by 32 sets of 
user programmable coefficients. Coefficient selection may 
be changed asynchronously from clock to clock. The ability 
to toggle between coefficient sets further simplifies 
applications such as polyphase or adaptive filtering. 

The HSP43168 is a low power fully static design 
implemented in an advanced CMOS process. The 
configuration of the device is controlled through a standard 
microprocessor interface. 


CONTROL/ 

CONFIGURATION 


COEFFICIENT 

BANKA 


COEFFICIENT 
BANK B 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright © Harris Corporation 1995 


File Number 2808.5 
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Pinouts 


84 LEAD PGA 

BOTTOM VIEW 


84 LEAD PGA 

TOP VIEW 


2 1 P)N 11 10 9 


A RVRS# WR# GND A1 A4 A7 A8 CSEL1 CSEL3 CSEL4 CIN8 ^ L GND OUT15 OUT14 OUT12 OUTIO OUT11 INB1 INB4 INB5 INB6 INB9 L 

B SHFTEN MUXO MUX1 AO A3 A2 V cc CSEL2 CIN9 CIN7 CIN5 b < OUT18 MlC OUT16 OUT13 V cc |NB0 INB2 GND INB7 INB8 |NA1 K 



84 LEAD PLCC 

TOP VIEW 


11 10 9 8 7 6 5 4 3 2 1 84 83 82 81 80 79 78 77 76 75 


V CC LJ26 

INA4027 


HSP43168 
TOP VIEW 



33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 < 


Oo 3> 333333 
o r* n o o ri 
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Pinouts (Continued) 


100 LEAD MQFP 

TOP VIEW 


323:3 

SliJUlUlUllU oo 2 9? 

_ co co co co co ooeor>-«>in»ttotMT-oZZ5 
OOOOOO>><<<<<<<<<00jS 


100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 ' 


31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 


l£IK)QQ^n«T-0*010 OOt-CM 
CQCQzZtOCQCQOQOQJt-r-OOT-^ 


hhhh hi- 

3 3 3 Z> => 3 

o o o o o o 


MUX1 

MUX0 

RVRS# 

NC 

FWD# 

SHIFTEN# 

TXFR# 

ACCEN 

Vcc 

V C C 

CLK 

GND 

GND 

OEH# 

OUT27 

OUT26 

OUT25 

OUT24 

OUT23 

OUT22 

OUT21 

OUT20 

OUT19 

OUT18 

OUT17 

NC 

V C c 

V C c 

GND 

GND 
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Pin Description 


SYMBOL 

PIN NUMBER 

TYPE 

DESCRIPTION 

< 

o 

o 

B5, Dll, K10, K7, FI 


V cc : +5V power supply pin. 

GND 

A9, E10, L1 1 , K4, D2 


Ground. 

CINO-9 

El-3, D1.C1-2, 
B1-3, A1 

1 

Control/Coefficient Data Bus. Processor interface for loading control data and coefficients. 
CINO is the LSB. 

AO-8 

A5-8, B6-8, C6-7 

■ 

Control/Coefficient Address Bus. Processor interface for addressing control and coefficient 
registers. AO is the LSB. 

WR# 

A10 

1 

Control/Coefficient Write Clock. Data is latched into the control and coefficient registers on 
the rising edge of WR#. 

CSELO-4 

A2-4, B4, C5 

1 

Coefficient Select. This input determines which of the 32 coefficient sets are to be used by 
FIR A and B. This input is registered and CSELO is the LSB. 

IN AO-9 

K1.J1-2, HI-2, 
G1-3, F2-3 

1 

Input to FIR A. INAO is the LSB. 

INBO-9 

LI -5, K2-3, 

K5-6, J5 

I/O 

Bidirectional Input for FIR B. INBO is the LSB and is input only. When used as output, INB1- 
9 are the LSBs of the output bus, and INB9 is the MSB of these bits. 

OUT9-27 

F9-11, G9-11, HI 0-11, 
J10-11, J7, K11.K8-9, 
L6-10 

0 

19 MSBs of Output Bus. Data format is either unsigned or two's complement depending on 
configuration. OUT27 is the MSB. 

SHFTEN# 

B11 

1 

Shift Enable. This active low input enables clocking of data into the part and shifting of data 
through the decimation registers. 

FWRD# 

CIO 

1 

Forward ALU Input Enable. When active low, data from the forward decimation path is input 
to the ALUs through the “a” input. When high, the “a” inputs to the ALUs are zeroed. 

RVRS# 

All 

1 

Reverse ALU Input Enable. When active low, data from the reverse decimation path is input 
to the ALUs through the “b” input. When high, the “b” inputs to the ALUs are zeroed. 

TXFR# 

C11 

1 

Data Transfer Control. This active low input switches the LIFO being read into the reverse 
decimation path with the LIFO being written from the forward decimation path (see Figure 1 ). 

MUXO-1 

B9-10 

1 

Adder/Mux Control. This input controls data flow through the output Adder/Mux. Table 4 lists 
the various configurations. 

CLK 

E9 

1 

Clock. All inputs except those associated with the processor interface (CINO-9, AO-8, WR#) 
and the output enables (OEL#, OEH#) are registered by the rising edge of CLK. 

OEL# 

J6 

1 

Output Enable Low. This three-state control enables the LSBs of the output bus to INB1-9 
when OEL# is low. 

OEH# 

Ell 

1 

Output Enable High. This three-state control enables OUT9-27 when OEH# is low. 

ACCEN 

DIO 

■ 

Accumulate Enable. This active high input allows accumulation in the FIR Cell Accumulator. 
A low on this input latches the FIR Accumulator contents into the Output Holding Registers 
while zeroing the feedback pass in the Accumulator. 



























































FIGURE 1. DUAL FIR FILTER 
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Functional Description 

As shown in Figure 1 , the HSP43168 consists of two 4-multi- 
plier FIR filter cells which process 10-bit data and coeffi- 
cients. The FIR cells can operate as two independent 8-tap 
FIR filters or two 4-tap asymmetric filters at maximum I/O 
rates. A single filter mode is provided which allows the FIR 
cells to operate as one 16-tap FIR filter or one 8-tap asym- 
metric filter. On board coefficient storage for up to 32 sets of 
8 coefficients is provided. The coefficient sets are user 
selectable and are programmed through a microprocessor 
interface. Programmable decimation to 16 is also provided. 
By utilizing decimation registers together with the coefficient 
sets, polyphase filters are realizable which allow the user to 
trade data rate for filter taps. The MUX/ Adder can be 
configured to either add or multiplex the outputs of the filter 
cells depending upon whether the cells are operating in sin- 
gle or dual filter mode. In addition, a shifter in the MUX/ 
Adder is provided for implementation of filters with 10-bit 
data and 20-bit coefficients or vice versa. 

Microprocessor Interface 

The Dual FIR has a 20 pin write only microprocessor interface 
for loading data into the Control Block and Coefficient Bank. 
The interface consists of a 10-bit data bus (CINO-9), a 9-bit 
address bus (AO-8), and a write input (WR#) to latch the data 
into the on-board registers. The control and coefficient data 
can be loaded asynchronously to CLK. 

Control Block 

The Dual FIR is configured by writing to the registers within 
the Control Block. These registers are memory mapped to 
address 000H (H = Hexadecimal) and 001 H on AO-8. The 
format of these registers is shown in Table 1 and Table 2. 
Writing the Control/Configuration registers causes a reset 
which lasts for 6 CLK cycles following the assertion of WR#. 
The reset caused by writing registers in the Control Block 
will not clear the contents of the Coefficient Bank. 


TABLE 1. 


CONTROL ADDRESS 000H 

BITS 

FUNCTION 

DESCRIPTION 

3-0 

Decimation Factor 

0000 = No Decimation 

1111= Decimation by 1 6 

4 

Mode Select 

0 = Single Filter Mode 

1 = Dual Filter Mode 

5 

Odd/Even Symmetry 

0 = Even symmetric coefficients 

1 = Odd symmetric coefficients 

6 

FIR A odd/even taps 

0 = Odd number of taps in filter 

1 = Even number of taps in filter 

7 

FIR B odd/even taps 

(Defined same as FIR A above) 

8 

FIR B Input Source 

0 = Input from INAO-9 

1 = Input from INBO-9 

9 

Not Used 

Set to 0 for proper operation 


The 4 LSBs of the control word loaded at address 000H are 
used to select the decimation factor. For example, if the 4 
LSBs are programmed with a value of 0010, the forward and 


reverse shifting decimation registers are each configured 
with a delay of 3. Bit 4 is used to select whether the FIR cells 
operate as two independent filters or one extended length fil- 
ter. Coefficient symmetry is selected by bit 5. Bits 6 and 7 
are programmed to configure the FIR cells for odd or even 
filter lengths. Bit 8 selects the FIR B input source when the 
FIR cells are configured for independent operation. Bit 9 
must be programmed to 0. 

The 4 LSBs of the control word loaded at address 001 H are 
used to configure the format of the FIR cell's data and 
coefficients. Bit 4 is programmed to enable or disable the 
reversal of data sample order prior to entering the backward 
shifting decimation registers. Bits 5-9 are used to support 
programmable rounding on the output. 


TABLE 2. 


CONTROL ADDRESS 001 H 

BITS 

FUNCTION 

DESCRIPTION 

0 

FIR A Input Format 

0 = Unsigned 

1 = Two's Complement 

1 

FIR A Coefficient Format 

(Defined same as FIR A input) 

2 

FIR B Input Format 

(Defined same as FIR A input) 

3 

FIR B Coefficient 

(Defined same as FIR A input) 

4 

Data Reversal Enable 

0 = Enabled 

1 = Disabled 

8-5 

Round Position 

0000 = 2’ 10 

1011 =2 1 

9 

Round Enable 

0 = Enabled 

1 = Disabled 


NOTE: Address locations 002H to 01 1 H are reserved, and writing to 
these locations will have unpredictable effects on part configuration. 


FIR Filter Cells 

Each FIR filter cell is based on an array of four 11x1 0-bit two's 
complement multipliers. The multipliers get one input from the 
ALUs which combine data shifting through the forward and 
backward decimation registers. The second input comes from 
the user programmable coefficient bank. The multiplier out- 
puts feed an accumulator whose result is passed to the output 
section where it is multiplexed or added. 

Decimation Registers 

The forward and backward shifting registers are configurable 
for decimation by 1 to 16 (see Table 1). The backward 
shifting registers are used to take advantage of symmetry in 
linear phase filters by aligning data at the ALUs for pre- 
addition prior to multiplication by the common coefficient. 
When the FIR cells are configured in single filter mode, the 
decimation registers in each cell are cascaded. This 
lengthened delay path allows computation of a filter which is 
twice the size of that capable in a single cell. The decimation 
registers also provide data storage for poly-phase or 2-D 
filtering applications (See Applications Examples section). 




HSP43168 


The Data Feedback Circuitry in each FIR cell is responsible 
for transferring data from the forward to the backward 
shifting decimation registers. This circuitry feeds blocks of 
samples into the backward shifting decimation path in either 
reversed or non-reversed sample order. The MUX/DEMUX 
structure at the input to the Feedback Circuitry routes data to 
the LIFOs or the delay stage depending on configuration. 
The MUX on the Feedback Circuitry Output selects the 
storage element which feeds the backward shifting 
decimation registers. 

In applications requiring reversal of sample order, such as 
FIR filtering with decimation, the FIR cells are configured 
with data reversal enabled (see Table 2). In this mode, data 
is transferred from the forward to the backward shifting 
registers through a ping-ponged LIFO structure. While one 
LIFO is being read into the backward shifting path, the other 
is written with data samples. The MUX/DEMUX controls 
which LIFO is being written, and the MUX on the Feedback 
Circuitry output controls which LIFO is being read. A low on 
TXFR# and SHIFTEN#, switches the LIFOs being read and 
written, which causes the block of data read from the 
structure to be reversed in sample order (See Example 4 in 
the Application Examples section). 

The frequency with which TXFR# is asserted determines 
size of the data blocks in which sample order is reversed. 
For example, if TXFR# is asserted once every three CLKs, 
blocks of 3 data samples with order reversed, would be fed 
into the backward decimation registers. Note: altering the 
frequency or phase of TXFR# assertion once a filtering 
operation has been started will cause unknown results. 

In applications which do not require sample order reversal, 
the FIR cells must be configured with data reversal disabled 
(see Table 2). In addition, TXFR# must be asserted to 
ensure proper data flow. In this configuration, data to the 
backward shifting decimation path is routed though a delay 
stage instead of the ping-pong LIFOs. The number of 
registers in the delay stage is based on the programmed 
decimation factor. Note: data reversal must be disabled and 
TXFR# must be asserted for filtering applications which do 
not use decimation. 

The shifting of data through the forward and reverse 
decimation registers is enabled by asserting the SHFTEN# 
input. When SHFTEN# transitions high, data shifting is 
disabled, and the data sample latched into the part on the 
previous clock is the last input to the forward decimation 
path. When SHFTEN# is asserted, shifting of data through 
the decimation paths is enabled. The data sample at the part 
input when SHFTEN# is asserted will be the next data 
sample into the forward decimation path. 

When operating the FIR cells as two independent filters, FIR 
A receives input data via INAO-9 and FIR B receives data 
from either INAO-9 or INBO-9 depending on the configuration 
(Table 1). When the FIR cells are configured as a single 
extended length filter, the forward and backward decimation 
paths are cascaded. In this mode, data is transferred from 
the forward decimation path to the backward decimation 
path by the Data Feedback Circuitry in FIR B. Thus, the 
manner in which data is read into the backward shifting 
decimation path is determined by FIR B's configuration. 


When the decimation paths are cascaded, data is routed 
through the delay stage in FIR A's Data Feedback Circuitry. 

The configuration of the FIR cells as even or odd length filters 
determines the point in the forward decimation path from 
which data is multiplexed to the Data Feedback Circuitry. For 
example, if the FIR cell is configured as an odd length filter, 
data prior to the last register in the third forward decimation 
stage is routed to the Feedback Circuitry. If the FIR cell is con- 
figured as an even length filter, data output from the third for- 
ward decimation stage is multiplexed to the Feedback 
Circuitry. This is required to insure proper data alignment with 
symmetric filter coefficients (See Application Examples). 

ALUs 

Data shifting through the forward and reverse decimation 
path feeds the “a” and “b” inputs of the ALUs respectively. 
The ALUs perform an “b+a” operation if the FIR cell is 
configured for even symmetric coefficients or an “b-a” 
operation if configured for odd symmetric coefficients. 

For applications in which a pre-add or subtract is not required, 
the “a” or “b” input can be zeroed by disabling FWRD# or 
RVRS# respectively. This has the effect of producing an ALU 
output which is either “a”, “-a”, or “b” depending on the filter 
symmetry chosen. For example, if the FIR cell is configured 
for an even symmetric filter with FWRD# low and RVRS# 
high, the data shifting through the forward decimation regis- 
ters would appear on the ALU output. 

Coefficient Bank 

The output of the ALU is multiplied by a coefficient from one 
of 32 user programmable coefficient sets. Each set consists 
of 8 coefficients (4 coefficients for FIR A and 4 for FIR B). 
The active coefficient set is selected using CSELO-4. The 
coefficient set may be switched every clock to support 
polyphase filtering operations. 

The coefficients are loaded into on-board registers using the 
microprocessor interface, CINO-9, AO-8, and WR#. Each 
multiplier within the FIR Cells is driven by a coefficient bank 
with one of 32 coefficients. These coefficients are addressed 
as shown in Table 3. The inputs AO-1 specify the Coefficient 
Bank for one of the four multipliers in each FIR Cell; A2 
specifies FIR Cell A or B; Bits A7-3 specify one of 32 sets in 
which the coefficient is to be stored. For example, an 
address of 10dH would access the coefficient for the second 
multiplier in FIR B in the second coefficient set. 
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FIR Cell Accumulator 

The registered outputs from the multipliers in each FIR cell 
feed the FIR cell's accumulator. The ACCEN input controls 
each accumulator's running sum and the latching of data 
from the accumulator into the Output Holding Registers. 
When ACCEN is low, feedback from the accumulator adder 
is zeroed which disables accumulation. Also, output from the 
accumulator is latched into the Output Holding Registers. 
When ACCEN is asserted, accumulation is enabled and the 
contents of the Output Holding Registers remain unchanged. 

Output MUX/ Adder 

The contents of each FIR Cell's Output Holding Register is 
summed or multiplexed in the Mux/Adder. The operation of 
the Mux/Adder is controlled by the MUX1-0 inputs as shown 
in Table 4. Applications requiring 10-bit data and 20-bit 
coefficients or 20-bit data and 10-bit coefficients are made 
possible by configuring the MUX/Adder to scale FIR B's 
output by 2‘ 10 prior to summing with FIR A. When the Dual 
FIR is configured as two independent filters, the MUX1-0 
inputs would be used to multiplex the filter outputs of each 
cell. For applications in which FIR A and B are configured as 
a single filter, the MUX/Adder is configured to sum the output 
of each FIR cell. 


OUTPUT DATA FORMAT OUT9-27 

FRACTIONAL TWO'S COMPLEMENT 


E 

26 

25 

24 

23 

22 

0 

20 


18 

0 


0 

0 

0 

0 

0 

10 

0 


_ 2 ^ 2 ® 2 7 2 ® 2 5 2 4 2 3 2 2 29 29 2 "^ 2* 2 2’ 3 2 4 2’ 3 2 3 2’ 7 2 ® 2" 3 


OUTPUT DATA FORMAT OUTO-8 

FRACTIONAL TWO'S COMPLEMENT 


00 

7 

6 


CE 

rn 

2 

1 

0 


2 -i0 2* 11 2' 12 2' 13 2‘ 14 2' 15 2' 16 2‘ 17 2' 18 


INPUT DATA FORMAT INAO-9, INBO-9 

FRACTIONAL UNSIGNED 


LL 

8 

7 

6 

5 

4 

3 

2 

1 

0] 


2 0 2 _1 2" 3 2' 3 2" 4 2" 3 2" 3 2' 7 2" 3 2" 8 


OUTPUT DATA FORMAT OUT9-27 

FRACTIONAL UNSIGNED 


TABLE 4. 


MUX1-0 DECODING 

MUX1-0 

OUTO-27 

00 

FIRA + FIRB (FIR B Scaled by 2‘ 10 ) 

01 

FIRA + FIRB 

10 

FIRA 

11 

FIRB 


Input/Output Formats 

The Dual FIR supports mixed mode arithmetic with both 
unsigned and two's complement data and coefficients. The 
input and output formats for both data types is shown below. 
If the Dual FIR is configured as an even symmetric filter with 
unsigned data and coefficients, the output will be unsigned. 
Otherwise, the output will be two's complement. 


INPUT DATA FORMAT INAO-9, INBO-9 

FRACTIONAL TWO’S COMPLEMENT 


LE 

1 8 1 

1 7 

1 6 1 

m 

1 4 

1 3 

D0 

1 1 1 

CD 


_ 2 ° 2" 1 2’ 3 2' 3 2' 4 2" 3 2" 8 2" 7 2" 8 2" 8 


li 

gjjj 

i 

a 

gj 


a 

g| 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 


2 9 2 8 2 7 2 8 2 8 2 4 2 3 2 2 29 29 2 '^ 2 ~ 2 2" 3 2’ 4 2* 3 2’ 8 2’ 7 2" 8 2’ 8 


OUTPUT DATA FORMAT OUTO-8 

FRACTIONAL UNSIGNED 


■a 

B 

B 

B 

B 

B 

B 

B 

B 


2‘10 2’ 11 2' 12 2' 13 2' 14 2"^ 3 2‘^ 8 2 ‘^7 2 '^ 8 


The MUX/Adder can be configured to implement program- 
mable rounding at bit locations 2" 10 through 2 1 . The round is 
implemented by adding a 1 to the specified location (see 
Table 2). For example, to configure the part such that the 
output is rounded to the 10 MSBs, OUT18 - 27, the round 
position would be chosen to be 2' 1 . 

Application Examples 

In this section a number of examples which show even, odd, 
symmetric, asymmetric and decimating filters are presented. 
These examples are intended to show different operational 
modes of the HSP43168. The examples are all based on a 
dual filter configuration. However, the same principles apply 
when the part is configured with both FIR cells operating as 
a single filter. 
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Example 1. Even-Tap Symmetric Filter Example 

The HSP43168 may be configured as two independent 8-tap 
symmetric filters as shown by the block diagram in Figure 2. 
Each of the FIR cells takes advantage of symmetric filter 
coefficients by pre-adding data samples common to a given 
coefficient. As a result, each FIR cell can implement an 8-tap 
symmetric filter using only four multipliers. Similarly, when 
the HSP43168 is configured in single filter mode a 16-tap 
symmetric filter is possible by using the multipliers in both 
cells. 

The operation of the FIR cell is better understood by 
comparing the data and coefficient alignment for a given 
filter output, Figure 3, with the data flow through the FIR cell, 
as shown in Figure 4. The block diagrams in Figure 4 are a 
simplification of the FIR cell shown in Figure 1 . For simplicity, 
the ALUs and FIR Cell Accumulators were replaced by 
adders, and the pipeline delay registers were omitted. 



(X7+X0)C0+(X6+X1 )C1 +(X5+X2)C2+(X4+X3)C3 

FIGURE 4A. DATA FLOW AS DATA SAMPLE 7 IS CLOCKED 
INTO THE FEED FORWARD STAGE 



FIGURE 2. USING HSP43168 AS TWO INDEPENDENT FILTERS 

In Figure 4, the order of the data samples within the filter cell 
is shown by the numbers in the forward and backward 
shifting decimation paths. The output of the filter cell is given 
by the equation at the bottom of each block diagram. Figure 
4a shows the data sample alignment at the pre-adders for 
the data/coefficient alignment shown in Figure 3. 



FIGURE 4B. DATA FLOW AS DATA SAMPLE 8 IS CLOCKED 
INTO THE FEED FORWARD STAGE 



x(n) 


ujjJj_LLLi 


X9 X8 X7 X6 X5 X4 X3 X2 XI XO 


FIGURE 3. DATA/COEFFICIENT ALIGNMENT FOR 8-TAP 
EVEN SYMMETRIC FILTER 


The dual filter application is configured by writing IdOH to 
address 000H via the microprocessor interface, CINO-9, AO- 
8, and WR#. Since this application does not use decimation, 
the 4th bit of the control register at address 001 H must be 
set to disable data reversal (see Table 2). Failure to disable 
data reversal will produce erroneous results. 



(X9+X2)C0+(X8+X3)C1+(X7+X4)C2+(X6+X5)C3 


FIGURE 4C. DATA FLOW AS DATA SAMPLE 9 IS CLOCKED 
INTO THE FEED FORWARD STAGE 

FIGURE 4. DATA FLOW DIAGRAMS FOR 8-TAP SYMMETRIC 
FILTER 
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Using this architecture, only the unique coefficients need to 
be stored in the Coefficient Bank. For example, the above 
filter would be stored in the first coefficient set for FIR A by 
writing CO, Cl, C2, and C3 to address 100H, 1 01 H, 102H, 
and 103H respectively. To write the same filter to the first 
coefficient set for FIR B, the address sequence would 
change to 104H, 105H, 106H, and 107H. 

To operate the HSP43168 in this mode, TXFR# is tied low to 
ensure proper data flow; both FWRD# and RVRS# are tied 
low to enable data samples from the forward and reverse 
data paths to the ALUs for pre-adding; ACCEN is tied low to 
prevent accumulation over multiple CLKs; SHFTEN# is tied 
low to allow shifting of data through the decimation registers; 
MUX0-1 is programmed to multiplex the output the of either 
FIR A or FIR B; CSELO-4 is programmable to access the 
stored coefficient set, in this example CSEL = 00000. 

Example 2. Odd-Tap Symmetric Filter Example 

The HSP43168 may be configured as two independent 7-tap 
symmetric filters with a functional block diagram resembling 
Figure 2. As in the 8-tap filter example, the HSP43168 
implements the filtering operation by summing data samples 
sharing a common coefficient prior to multiplication by that 
coefficient. However, for odd length filters the pre-addition 
requires that the center coefficient be scaled by 1/2. 

The operation of the FIR cell for odd length filters is better 
understood by comparing the data/coefficient alignment in 
Figure 5 with the data flow diagrams in Figure 6. The block 
diagrams in Figure 6 are a simplification of the FIR cell 
shown in Figure 1 . 



(X6+X0)C0+(X5+X1 )C1 +(X4+X2)C2+(X3+X3)C3/2 

FIGURE 6A. DATA FLOW AS DATA SAMPLE 6 IS CLOCKED 
INTO THE FEED FORWARD STAGE 



(X7+X1 )C0+(X6+X2)C1 +(X5+X3)C2+(X4+X4)C3/2 



X9 X8 X7 X6 X5 X4 X3 X2 XI X0 


FIGURE 5. DATA/COEFFICIENT ALIGNMENT FOR 7-TAP 
SYMMETRIC FILTER 

For odd length filters, proper data/coefficient alignment is 
ensured by routing data entering the last register in the third 
forward decimation stage to the backward shifting registers. 
In this configuration, the center coefficient must be scaled by 
1/2 to compensate for the summation of the same data 
sample from both the forward and backward shifting 
registers. 


FIGURE 6B. DATA FLOW AS DATA SAMPLE 7 IS CLOCKED 
INTO THE FEED FORWARD STAGE 



(X8+X2)C0+(X7+X3)C1+(X6+X4)C2+(X5+X5)C3/2 


FIGURE 6C. DATA FLOW AS DATA SAMPLE 8 IS CLOCKED 
INTO THE FEED FORWARD STAGE 

FIGURE 6. DATA FLOW DIAGRAMS FOR 7-TAP SYMMETRIC 
FILTER 
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In the data flow diagrams of Figure 6, the order of the data 
samples input in to the filter cell is shown by the numbers in 
the forward and backward shifting decimation paths. The 
output of the filter cell is given by the equation at the bottom 
of the block. The diagram in Figure 6a shows data sample 
alignment at the pre-adders for the data/coefficient 
alignment shown in Figure 5. 

This dual filter application is configured by writing 11 OH to 
address 000H via the microprocessor interface, CINO-9, AO- 
8, and WR#. Also, data reversal must be disabled by setting 
bit 4 of the control register at address 0001 H. As in the 8-tap 
example, only the unique coefficients need to be stored in 
the Coefficient Bank. These coefficients are stored in the 
first coefficient set for FIR A by writing CO, Cl , C2, and C3 to 
address 100H, 1 01 H, 102H, and 103H respectively. To write 
the same filter to the first coefficient set for FIR B, the 
address sequence would change to 104H, 105H, 106H, and 
107H. The control signals TXFR#, FWRD#, RVRS#, 
ACCEN, SHFTEN#, and CSEL0-4 are controlled as 
described in Example 1 . 

Example 3. Asymmetric Filter Example 

The FIR cells within the HSP43168 can each calculate 4 
asymmetric taps on each clock. Thus, a single FIR cell can 
implement an 8-tap asymmetric filter if the HSP43168 is 
clocked at twice the input data rate. Similarly, if the Dual is 
configured as a single filter, a 16-tap asymmetric filter is real- 
izable. 

For this example, the FIR cells are configured as two 8-tap 
asymmetric filters which are clocked at twice the input data 
rate. New data is shifted into the forward and backward 
decimation paths every other CLK by the assertion of 
SHFTEN#. The filter output is computed by passing data 
from each decimation path to the multipliers on alternating 
clocks. Two sets of coefficients are required, one for data on 
the forward decimation path, and one for data on the reverse 
path. The filter output is generated by accumulating the 
multiplier outputs for two CLKs. 



(X0)C0+(X1 )C1 +(X2)C2+(X3)C3 


FIGURE 8A. DATA SHIFTING DISABLED, BACKWARD 

SHIFTING DECIMATION REGISTERS FEEDING 
MULTIPLIERS 



(X0)C0+(X1 )C1 +(X2)C2+(X3)C3 
+(X7)C7+(X6)C6+(X5)C5+(X4)C4 


FIGURE 8B. SHIFTING OF DATA SAMPLE 7 INTO FIR CELL 

ENABLED, FORWARD SHIFTING REGISTERS 
FEEDING MULTIPLIERS 


The operation of this configuration is better understood by 
comparing the data/coefficient alignment in Figure 7 with the 
data flow diagrams in Figure 8. The ALUs have been omitted 
from the FIR cell diagrams because data is fed to the 
multipliers directly from the forward and reverse decimation 
paths. The data samples within the FIR cell are shown by 
the numbers in the decimation paths. 



X9 X8 X7 X6 X5 X4 X3 X2 XI X0 


FIGURE 7. DATA/COEFFICIENT ALIGNMENT FOR 8-TAP 
ASYMMETRIC FILTER 



(XI )C0+(X2)C1 +(X3)C2+(X4)C3 


FIGURE 8C. DATA SHIFTING DISABLED, BACKWARD 

SHIFTING DECIMATION REGISTERS FEEDING 
MULTIPLIERS 

FIGURE 8. DATA FLOW DIAGRAMS FOR 8-TAP ASYMMETRIC 
FILTER 
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(XI )C0+(X2)C1 +(X3)C2+(X4)C3 
+(X8)C7 +(X7)C6+(X6)C5+(X5)C4 


FIGURE 8D. SHIFTING OF DATA SAMPLE 8 INTO FIR CELL 

ENABLED, FORWARD SHIFTING REGISTERS 
FEEDING MULTIPLIERS 

FIGURE 8. DATA FLOW DIAGRAMS FOR 8-TAP ASYMMETRIC 
FILTER CONTINUED 

For this application, each filter cell is configured as an odd 
length filter by writing 11 OH to the control register at address 
000H. Even though an even tap filter is being implemented, 
the filter cells must be configured as odd length to ensure 
proper data flow. Also, the 4th bit at control address 001 H 
must be set to enable data reversal, and TXFR# must be 
tied low. Since an 8-tap asymmetric filter is being 
implemented, two sets of coefficients must be stored. These 
eight coefficients could be loaded into the first two coefficient 
sets for FIR A by writing CO, Cl , C2, C3, C7, C6, C5, and C4 
to address 100H, 101H, 102H, 103H, 108H, 109H, 10aH, 
and 1 0bH respectively. 


Example 4. Even-Tap Decimating Filter Example 

The HSP43168 supports filtering applications requiring 
decimation to 16. In these applications the output data rate 
is reduced by a factor of N. As a result, N clock cycles can 
be used for the computation of the filter output. For example, 
each FIR cell can calculate 8 symmetric or 4 asymmetric 
taps in one clock. If the application requires decimation by 
two, the filter output can be calculated over two clocks thus 
boosting the number of taps per FIR cell to 16 symmetric or 
8 asymmetric. For this example, each FIR cell is configured 
as an independent 24-tap decimate x3 filter. 

The alignment of data relative to the 24 filter coefficients for 
a particular output is depicted graphically in Figure 10. As in 
previous examples, the HSP43168 implements the filtering 
operation by summing data samples prior to multiplication by 
the common coefficient. In this example an output is 
required every third CLK which allows 3 CLKs for 
computation. On each CLK, one of three sets of coefficients 
are used to calculate 8 of the filter taps. The block diagrams 
in Figure 12 show the data flow and accumulator output for 
the data/coefficient alignment in Figure 10. 



The sum of products required for this 8-tap filter require 
dynamic control over FWRD#, RVRS#, ACCEN, and 
CSELO-4. The relative timing of these signals is shown in 
Figure 9. 


i o i i i 2 f 3 I 13 114 i is I 16 i 

clk — njTjnjn—H — njnjnj~Ln 



23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

FIGURE 10. DATA/COEFFICIENT ALIGNMENT FOR 24-TAP 
DECIMATE BY 3 FIR FILTER 

Proper data and coefficient alignment is achieved by 
asserting TXFR# once every three CLKs to switch the LIFOs 
which are being read and written. This has the effect of feed- 
ing blocks of three samples into the backward shifting deci- 
mation path which are reversed in sample order. In addition, 
ACCEN is deasserted once every three clocks to allow accu- 
mulation over three CLKs. The three sets of coefficients 
required in the calculation of a 24-tap symmetric filter are 
cycled through using CSELO-4. The timing relationship 
between the CSELO-4, ACCEN, and TXFR# are shown in 
Figure 12. 


FIGURE 9. CONTROL TIMING FOR 8-TAP ASYMMETRIC 
FILTER 
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(X2+X21 )C2+(X5+X1 8)C5+(X8+X1 5)C8+(X1 1 +X1 2)C1 1 


(X5+X24)C0+(X8+X21 )C5+(X1 1 +X1 8)C8+(X1 4+X1 5)C1 1 


FIGURE 11 A. COMPUTATIONAL FLOW AS DATA SAMPLE 21 IS FIGURE 1 1D. COMPUTATIONAL FLOW AS DATA SAMPLE 24 IS 


CLOCKED INTO THE FEED FORWARD STAGE 



pi 4 1 3 1 8 

pi 7 1 6 l 11 H-^p 

H 21 H 19 h 


-FFFhr- 

r i 




ci-*oq c4-*oo C7 -*GD cKwrx) 


ACCUMULATOR 


CLOCKED INTO THE FEED FORWARD STAGE 

FIGURE 11. DATA FLOW DIAGRAMS FOR 24-TAP DECIMATE 
BY 3 FIR FILTER 


I 0 I 1 I 2 I 3 I 4 I 5 I 21 I 22 I 23 

clk 

INAO-9 

cselo-4 


(XI +X22)C1 +(X4X1 9)C4+(X7+X1 6)C7+(X1 0+X1 3)C1 0 
+(X2+X21 )C2+(X5+X1 8)C5+(X8+X1 5)C8+(X1 1 +X1 2)C1 1 

FIGURE 1 1 B. COMPUTATIONAL FLOW AS DATA SAMPLE 22 IS 
CLOCKED INTO THE FEED FORWARD STAGE 


I 0 [ 514 U-H 3 I 8 I 7 k-H 6 I11I10L 


23— *t-*-|22|21|20|— #Wl 9118 |17l— #l*.|16|15|14L 


(X0+X23)C0+(X3+X20)C3+(X6+X1 7)C6+(X9+X1 4)C9 
+(X1 +X22)C1 +(X4+X1 9)C4+(X7+X1 6)C7+(X1 0+X1 3)C1 0 
+(X2+X21 )C2+(X5+X1 8)C5+(X8+X1 5)C8+(X1 1 +X1 2)C1 1 

FIGURE 11C. COMPUTATIONAL FLOW AS DATA SAMPLE 23 IS 
CLOCKED INTO THE FEED FORWARD STAGE 

To operate in this mode the Dual is configured by writing 1 d2 
to address 000H via the microprocessor interface, Cl NO-9, 
AO-8, and WR#. Data reversal must be enabled see (Table 
2). The 12 unique coefficients for this example are stored as 
three sets of coefficients for either FIR cell. For FIR A, the 
coefficients are loaded into the Coefficient Bank by writing 
C2, C5, C8, C11, Cl, C4, C7, CIO, CO, C3, C6, and C9 to 
address 100H, 101H, 102H, 103H, 108H. 109H, 10aH, 
10bH, 11 OH, 111H, 112H, and 113H, respectively. 


FIGURE 12. CONTROL SIGNALTIMING FOR 24-TAP DECIMATE 
X3 FILTER 

Example 5. Odd-Tap Decimating Symmetric Filter 

This example highlights the use of the HSP43168 as two 
independent, 23-tap, symmetric, decimate by 3 filters. In this 
example, the operational differences in the control signals 
and data reversal structure may be compared to the 
previously discussed even-tap decimating filter. 

As in the 24-tap example, an output is required every third 
CLK which allows 3 CLKs for computation. On each CLK, 
one of three sets of coefficients are used to calculate the 
filter taps. Since this is an odd length filter, the center 
coefficient must be scaled by 1/2 to compensate for the sum- 
mation of the same data sample from the forward and back- 
ward shifting decimation paths.The block diagrams in Figure 
1 4 show the data flow and accumulator output for the data 
coefficient alignment in Figure 13. 

Proper data and coefficient alignment is achieved by 
asserting TXFR# once every three CLKs to switch the LIFOs 
which are being read and written. For odd length filters, data 
prior to the last register in the forward decimation path is 
routed to the Feedback Circuitry. As a result, TXFR# should 
be asserted one cycle prior to the input data samples which 
align with the center tap. The timing relationship between the 
CSELO-5, ACCEN, and TXFR# are shown in Figure 15. 
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23 22 2120 19 18 17 16 15 14 13 12 11 10 9 876543210 
FIGURE 13. DATA/COEFFICIENT ALIGNMENT FOR 23-TAP 


DECIMATE BY 3 SYMMETRIC FILTER 



(X0+X22)C0+(X3+X1 9)C3+(X6+X1 6)C6+(X9+X1 3)C9 
+(X1 +X21 )C1 +(X4+X1 8)C4+(X7+X1 5)C7+(X1 0+X1 2)C1 0 
+(X2+X20)C2+(X5+X1 7)C5+(X8+X1 4)C8+(X1 1 +X1 1 )C1 1 /2 


FIGURE 1 4C. COMPUTATIONAL FLOW AS DATA SAMPLE 22 IS 
CLOCKED INTO THE FEED FORWARD STAGE 



FIGURE 14A. COMPUTATIONAL FLOW AS DATA SAMPLE 20 IS FIGURE 14D. COMPUTATIONAL FLOW AS DATA SAMPLE 23 IS 
CLOCKED INTO THE FEED FORWARD STAGE CLOCKED INTO THE FEED FORWARD STAGE 

FIGURE 14. DATA FLOW DIAGRAMS FOR 23-TAP DECIMATE 
BY 3 SYMMETRIC FILTER 



(XI +X21 )C1 +(X4+X1 8)C4+(X7+X1 5)C7+(X1 0+X1 2)C1 0 
+(X2+X20)C2+(X5+X1 7)C5+(X8+X1 4)C8+(X1 1 +X1 1 )C1 1 /2 


FIGURE 14B. COMPUTATIONAL FLOW AS DATA SAMPLE 21 IS 
CLOCKED INTO THE FEED FORWARD STAGE 


I 0 I 1 I 2 I 3 I 4 I 5 I 20 I 21 I 22 

c LK n r~u i — 1 1 — i LT"”! — — 1 1 — n — 1 1 



FIGURE 15. CONTROL SIGNAL TIMING FOR 23-TAP 
SYMMETRIC FILTER 

To operate in this mode, the Dual is configured by writing 
112H to address 000H via the microprocessor interface, 
CINO-9, AO-8, and WR#. Data reversal must be enabled 
(see Table 2.0). The 12 unique coefficients for this example 
are stored as three sets of coefficients for either FIR cell. For 
FIR A, the coefficients are loaded into the Coefficient Bank 
by writing C2, C5, C8, (C11)/ 2, Cl, C4, C7, CIO, CO. C3, 
C6, and C9 to address 100H, 101 H, 102H, 103H, 108H, 
109H, 10aH, 10bH, 110H, 111H, 112H, and 113H, 
respectively. 
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Specifications HSP43168 


Absolute Maximum Ratings 

Supply Voltage +8.0V 

Input, Output or I/O Voltage GND-0.5V to V CC +0.5V 

Storage Temperature Range -65°C to +150°C 

Junction Temperature. +175°C (CPGA), +150°C (MQFP and PLCC) 

Lead Temperature (Soldering 10s) +300°C 

(MQFP and PLCC - Leads Only) 

ESD Classification Class 1 

Gate Count 32529 


Thermal Information (Typical) 

Thermal Resistance e JA 0 jc 

MQFP 33.0°C/W N/A 

PLCC 22.0°C/W N/A 

PGA 33.5°C/W 7.5°C/W 

Maximum Package Power Dissipation at +70°C 

MQFP 2.4W 

PLCC 3.6W 

CPGA 3.1 W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range, Commercial 5V ±5% Operating Temperature Range, Commercial 0°C to +70°C 


DC Electrical Specifications 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

■ 

Power Supply Current 

' 

363 

mA 

V cc = Max 

CLK Frequency 33MHz 

Note 2, Note 3, Note 4 

■CCSB 

Standby Power Supply Current 

- 

500 

pA 

V cc = Max, Outputs Not Loaded 

l| 

Input Leakage Current 

-10 

10 

pA 

V cc = Max, Input = 0V or V cc 

•o 

Output Leakage Current 

-10 

10 

pA 

V cc = Max, Input = 0V or V cc 

V |H 

Logical One Input Voltage 

2.0 

- 

V 

V cc = Max 

V,L 

Logical Zero Input Voltage 

- 

0.8 

V 

V cc = Min 

X 

o 

> 

Logical One Output Voltage 

2.6 

- 

V 

Iqh = -400pA, Vqq = Min 

V OL 

Logical Zero Output Voltage 

- 

0.4 

V 

Iql = 2mA, Vqq = Min 

V IHC 

Clock Input High 

3.0 

- 

V 

Vqq = Max 

V ILC 

Clock Input Low 

- 

0.8 

V 

c 

II 

o 

o 

> 

C IN 

Input Capacitance 

- 

12 

PF 

CLK Frequency 1 MHz 

All measurements referenced 
to GND. 

T a = +25°C, Note 1 

C OUT 

Output Capacitance 

- 

12 

PF 


NOTES: 

1 . Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or 
changes. 

2. Power Supply current is proportional to operating frequency. Typical rating for Iccop ' s UmA/MHz. 

3. Output load per test load circuit and C L = 40pF. 

4. Maximum junction temperature must be considered when operating part at high clock frequencies. 
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Specifications HSP43168 


AC Electrical Specifications v cc = +4.75V to +5.25V, t a = o°c to + 70 °c (Note i) 


SYMBOL 


T CP 


Tch 





-33(33MHz) -40(40.8MHz) -45(45MHz) 

MIN I MAX MIN I MAX MIN I MAX COMMENTS 


CLK Period 


CLK High 


CLK Low 


WR# Period 


WR# High 


WR# Low 


Set-up Time AO-8 to WR# Going Low 


Hold Time AO-8 from WR# Going High 


Set-up Time CINO-9 to WR# Going High 


Hold Time CINO-9 from WR# Going High 


Set-up Time WR# Low to CLK Low 


Set-up Time CINO-9 to CLK Low 


Set-up Time CSELO-5, SHFTEN#, FWRD#, RVRS#, 
TXFR#, IN AO-9, INBO-9, ACCEN, MUXO-1 to CLK 
Going High 


Hold Time CSELO-5, SHFTEN#, FWRD#, RVRS#, 
TXFR#, INAO-9, INBO-9, ACCEN, MUXO-1 to CLK 
Going High 



ns, Note 2 


ns, Note 2 


ns 



t do 

CLK to Output Delay OUTO-27 

• 

14 

- 

13 

- 

12 

ns 

t oe 

Output Enable Time 

- 

12 

- 

12 

- ; 

12 

ns 

Tod 

Output Disable Time 

- 

12 

- 

12 

- 

12 

ns, Note 3 

1 — 

Output Rise, Fall Time 

- 

6 

- 

6 

- 

6 

ns, Note 3 


1. AC tests performed with CL = 40pF, I 0 l = 2mA, and Iqh = -400pA. Input reference level CLK = 2.0V. Input reference level for all other 
inputs is 1 .5V. Test V, H = 3.0V, V IHC = 4.0V, V, L = 0V, V ILC = 0V. 

2. Set-up time requirement for loading of data on CINO-9 to guarantee recognition on the following clock. 

3. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or changes. 
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DIGITAL VIDEO 
CAPTURE 




SEMICONDUCTOR 


HMP8100 


ADVANCE INFORMATION 


NTSC and PAL Video Decoder with 
2 Dimensional Up/Down Scaler 


Features 

• High Quality 2-D Comb Filtering for Y/C Separation 
providing Superior Luminance Bandwidth and 
Reduced Display Artifacts 

• Fully Filtered Horizontal and Vertical Up/Down Scaling 
Eliminating Pixel Dropping While Improving Compres- 
sion Performance 

• Multi-Standard NTSC M, PAL B, D, G, H, I, M, N and 
Special PAL N Decoding Offer World-Wide 
Compatibility 

• Composite or S-Video Input 

• Accepts any 20 - 40MHz Source Clock Allowing Single 
Crystal Operation 

• 384 x 16 Programmable Depth Data FIFO with Full 
Flag Control to Ease Frame Buffer Interfacing 

• User Selectable Color Trap and Low Pass Video 
Filters 

• User Selectable Hue, Color Saturation, Contrast, 
Sharpness, and Brightness Controls 

• Vertical Upscaling from 240 to 288 Lines Per Field for 
H.261 Specification Compatibility 

• CCIR601, CIF, QCIF and SIF Output Data Formats 

• 4:2:2, 4:2:0 YC B C R Pre-Compression Output Data For- 
mats Supporting JPEG, MPEG1, MPEG2, H.261/263 

• Area of Interest Selection, with Horizontal and Vertical 
Cropping Capability 

• Byte Wide Microprocessor Control Interface 

Applications 

• Multimedia 

• Video Conferencing 

• Video Capture 

• LCD Projection Video Panels 

• JPEG, MEPG1,MPEG2 Compression 

• Video Security Systems 

• Professional/Broadcast Video 

• Medical Imaging 


Description 

The HMP8100 is a high quality, 8-bit, digital video color 
decoder with output scaling capability. The Video Decoder 
Scaler (VDS) is compatible with NTSC M, PAL B, D, G, H, I, 
M, N and special case PAL N video standards. Both com- 
posite (CVBS) and S-Video (Y/C) video input formats are 
supported. A two line comb filter, plus user selectable 
Chrominance trap filter provide high quality Chroma/Luma 
separation. Following the decode function, various adjust- 
ments can be made to customize the video content such as 
Brightness, Contrast, Color Saturation, Hue and Sharpness 
functions. Video synchronization is achieved with a 4 x f sc 
chroma burst lock PLL for color demodulation and line lock 
PLL for correct pixel alignment. 

The 2 Dimensional scaling allows lines to be downscaled in 
2 pixel increments and fields to be downscaled in single line 
increments. Vertical upscaling from 240 lines/field to 288 
lines/field are provided to support video conferencing appli- 
cations. All downscaling is properly filtered from 1:1 to 1:32 
image size reduction. Two Chrominance sub-sampling 
schemes are provided (4:2:2 or 4:2:0) to reduce image 
bandwidth. Multiple downscaled image sizes that support 
JPEG, MPEG1 , MPEG2 and H.261/263 are provided. The 
video output data port provides seamless DRAM, or VRAM 
serial port interfacing with a programmable 384 x 16 deep 
FIFO. 

The HMP8100 can be used for video capture input within a 
video system. The high quality chrominance/luminance sep- 
aration and control, fully filtered scaling, and integrated 
phase locked loops are ideal for use with todays powerful 
compression processors. The HMP8100 operates from a 
single +5V supply; is TTL/CMOS compatible and is available 
in a Commercial grade, 100 lead plastic MQFP. 

Ordering Information 


PART 

NUMBER 


HMP8100CV 


TEMPERATURE 

RANGE PACKAGE 

0°C to 70°C 1 00 Lead Plastic MQFP 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. 
Copyright ©Harris Corporation 1995 .. _ 
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TELECOMMUNI- 

CATIONS 




SEMICONDUCTOR 


HC-5513 


PRELIMINARY 

July 1995 


Subscriber Line Interface Circuit 


Features 

• Dl Monolithic High Voltage Process 

• Programmable Current Feed 

• Programmable Loop Current Detector Threshold and 
Battery Feed Characteristics 

• Ground Key and Ring trip Detection 

• Compatible with Industry Standards Types 

• Thermal Shutdown 

• On-Hook Transmission 

• Wide Battery Voltage Range (-24V to -56V) 

• Low Standby Power 

• Meets TR-NWT-000057 Transmission Requirements 

• -40°C to +85°C Ambient Temperature Range 

Applications 

• Digital Loop Carrier Systems 

• Fiber-ln-The-Loop ONUs 


Description 

The HC-5513 is a subscriber line interface circuit design to 
match industry standard PBL3764 for PBX and DLC applica- 
tions. Enhancements include: lower noise and absence of 
false signaling in the presence of longitudinal currents. 

The HC-5513 is fabricated in a High Voltage Dielectrically 
Isolated (Dl) Bipolar Process that eliminates leakage cur- 
rents and device latch-up problems normally associated with 
junction isolated ICs. The elimination of the leakage currents 
results in improved circuit performance for wide temperature 
extremes. The latch free benefit of the Dl process guaran- 
tees operation under adverse transient conditions. This pro- 
cess feature makes the HC-5513 ideally suited for use in 
harsh outdoor environments. 


Ordering Information 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HC5513IMA02 

-40°C to +85°C 

28 Lead PLCC 

HC5513IPA02 

-40°C to +85°C 

22 Lead Plastic DIP 


Pinouts 


HC5513 
(PLCC) 
TOP VIEW 


HC-5513 

(DIP) 

TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1C Handling Procedures. pj| e Number 3963 

Copyright © Harris Corporation 1995 
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Specifications HC-5513 


Absolute Maximum Ratings 

Temperature 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range -40°C to +110°C 

Operating JunctionTemperature Range ... -40°C to +150°C 

Power Supply (-40°C < T A < +85°C) 

Supply Voltage V cc to GND 0.5V to 7V 

Supply Voltage V EE to GND -7V to 0.5V 

Supply Voltage V BAT to GND -70V to 0.5V 

Ground 

Voltage between AGND and BGND -0.3V to 0.3V 

Relay Driver 

Ring Relay Supply Voltage 0V to V BAT +75V 

Ring Relay Current 50mA 

Ring Trip Comparator 

Input Voltage V BAT to0V 

Input Current -5mA to 5mA 

Digital Inputs, Outputs (Cl, C2, E0, El, DET) 

Input Voltage 0V to V cc 

Output Voltage (DET not Active) 0V to V cc 

Output Current(DET) 5mA 


Tipx and Ringx Terminals (-40°C < T A < +85°C) 

Tipx or Ringx Voltage, Continous (Referenced to GND) . V BAT to+2V 
Tipx or Ringx , Pulse <10ms, t REP >10s ........ . V BAT -20V to+5V 

Tipx or Ringx , Pulse <10ps, t REP >10s V BAT -40V to+IOV 

Tipx or Ringx , Pulse <250ns, t REP >10s V BAT -70V to+15V 

Tipx or Ringx Current 70mA 

Gate Count 543 Transistors, 51 Diodes 

Thermal Information (Typical) 

Thermal Resistance 0 JA 

22 Lead Plastic DIP 75°C/W 

28 Lead PLCC 65°C/W 

Package Power Dissipation at +70°C 

22 Lead Plastic DIP 1.06W 

28 Lead PLCC 1.23W 

Derate Above +70°C 

Plastic DIP 13.3mW/°C 

PLCC 15.4mW/°C 

Lead Temperature (Soldering 10s) +300°C 

(PLCC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Typical Operating Conditions 

These represent the conditions under which the part was developed and are suggested as guidelines. 


PARAMETER 


Case Temperature 


V cc with Respect to AGND 


V EE with Respect to AGND 


V BA t with Respect to BGND 


CONDITIONS 



-40°C to +85°C 


-40°C to +85°C 


-40°C to +85°C 


Electrical Specifications t a = - 40 °c to + 85 °c, v cc = +5V ±5%, v EE = +5V ±5%, v BAT = -28 V, agnd = bgnd = ov, r dc1 = r DC 2 
= 41 .2kO, R d = 39kO, R SG = «>, C HP = 1 0nF, Cqc = 1 -5pF, Z L = 6000, Unless Otherwise Specified. All 
pin number references in the figures refer to the 28 lead PLCC package. 


PARAMETER 


Overload Level 


Longitudinal Impedance (Tip/Ring) 


bcM E ^ r™ 

23mA I 


CONDITIONS 


1% THD, Z L = 6000, 2.16|iF (Note 1, 
Figure 1) 


0<f< 100Hz (Note 2, Figure 2) 


1V RMS 
0<f <100Hz 


I RING RSN I 
28 16 1 


FIGURE 1. OVERLOAD LEVEL (TWO-WIRE PORT) 



**L C - 

r©HH 

I 2.16(iF ^ 


►300Q 

► 3000 ^ -, Vr 


TIP 

27 

V TX 

19 

RING 

28 

RSN 

16 


lz r = v r /a r 


FIGURE 2. LONGITUDINAL IMPEDANCE 
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Specifications HC-5513 


Electrical Specifications t a = - 40 °c to +85°c, v cc = +sv ± 5 %, v EE = +sv ± 5 %, v BAT = -28 V, agnd = bgnd = ov, r dc , = r DC2 

= 41 .2kft, R d = 39kft, R sg = oo, C HP = 1 0nF, C DC = 1 .5pF, Z L = 600ft, Unless Otherwise Specified. All 
pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

LONGITUDINAL CURRENT LIMIT (TIP/RING) 

Off Hook (Active) 

No False Detections, (GND Key, Loop 
Current), LB > 45dB (Note 3, Figure 3A) 

- 

- 

20 

mApEAK 

/Wire 

On Hook (Standby), R L = oo 

No False Detections (GND Key, Loop 
Current) (Note 4, Figure 3B) 

- 

- 

5 

mApEAK 

/Wire 




FIGURE 3. LONGITUDINAL CURRENT LIMIT 


OFF-HOOK LONGITUDINAL BALANCE 


Longitudinal to Metallic 

IEEE 455 - 1985, R lr , R lt = 368ft 

0.2kHz < f < 4.0kHz (Note 5, Figure 4) 

55 

70 

- 

dB 

Longitudinal to Metallic 

R lr , R lt = 300ft, 0.2kHz < f < 4.0kHz 
(Note 5, Figure 4) 

55 

70 

- 

dB 

Metallic to Longitudinal 

FCC Part 68, Para 68.310 

0.2kHz<f < 1.0kHz 

50 

55 

- 

dB 


1.0kHz <f< 4.0kHz (Note 6) 

50 

55 

- 

dB 

Longitudinal to 4-Wire 

0.2kHz < f < 4.0kHz (Note 7, Figure 4) 

55 

70 

- 

dB 

Metallic to Longitudinal 

R lr , R lt = 300ft, 0.2kHz < f < 4.0kHz 
(Note 8, Figure 5) 

50 

55 

- 

dB 

4-Wire to Longitudinal 

0.2kHz < f < 4.0kHz (Note 9, Figure 5) 

50 

55 

- 

dB 



FIGURE 4. LONGITUDINAL TO METALLIC AND FIGURE 5. METALLIC TO LONGITUDINAL AND 4-WIRE TO 

LONGITUDINAL TO 4-WIRE BALANCE LONGITUDINAL BALANCE 

























































Specifications HC-5513 


CONDITIONS 

MIN 

0.2kHz to 0.5kHz (Note 10, Figure 8) 

25 

0.5kHz to 1.0kHz (Note 10, Figure 8) 

27 

1.0kHz to 3.4kHz (Note 10, Figure 8) 

23 



Electrical Specifications t a = -40°c to +85°c, v cc = +sv ±5%, v EE = +sv ±5%, v BAT = -28 v, agnd = bgnd = ov, r dc1 = r DC2 
= 41 .2kQ, R d = 39k£l, R SG =■«>, c HP = 1 0nF, C DC = 1 .5pF, Z L = 600Q, Unless Otherwise Specified. All 
pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


2-Wire Return Loss 


TIP IDLE VOLTAGE 


Active, l L = 0 


Standby, l L = 0 


RING IDLE VOLTAGE 


Active, l L = 0 


Standby, l L = 0 


4-WIRE TRANSMIT PORT (V TX ) 


Overload Level 


Output Offset Voltage 



(Z L > 20kQ, 1% THD) (Note 1 1 , Figure 9) 


E g = 0, Z L = •, (Note 12, Figure 9) 


Output Impedance (Guaranteed by Design) 0.2kHz < f < 03.4kHz 


2- to 4-Wire (Metallic to V TX ) Voltage Gain 0.3kHz < f < 03.4kHz (Note 1 3, Figure 9) 



TIP 

27 

V T x 

19 

RING 

28 

RSN 

16 


■■ - l 

TIP V TX 

27 19 

D|K|n PCM 

: c 

, c 

•dcmet 
}) 23mA 

V T r J 

) 


nlHu non 

28 16 


FIGURE 8. TWO-WIRE RETURN LOSS 


4-WIRE RECEIVE PORT (RSN) 


FIGURE 9. OVERLOAD LEVEL (4-WIRE TRANSMIT PORT), 
OUTPUT OFFSET VOLTAGE, 2-WIRE TO 
4-WIRE VOLTAGE GAIN AND HARMONIC 
DISTORTION 


DC Voltage 

Irsn = 0mA 

R x Sum Node Impedance 

0.3kHz < f < 3.4kHz 

Current Gain-RSN to Metallic 

0.3kHz <f < 3.4kHz (Note 14, Figure 10) 

FREQUENCY RESPONSE (OFF HOOK) 

2-Wire to 4-Wire 

OdBm at 1.0kHz, E RX = 0V 

0.3kHz < f < 3.4kHz (Note 1 5, Figure 1 1 ) 

4-Wire to 2-Wire 

OdBm at 1 .0kHz, E G = 0V 

0.3kHz < f < 3.4kHz (Note 1 6, Figure 1 1 ) 

4- Wire to 4- Wire 

OdBm at 1.0kHz, E G =0V 

0.3kHz < f < 3.4kHz (Note 1 7, Figure 1 1 ) 

INSERTION LOSS 

2- Wire to 4- Wire 

OdBm, 1kHz (Note 18, Figure 11) 

4-Wire to 2-Wire 

OdBm, 1kHz (Note 19, Figure 11) 



12-6 


































































































Specifications HC-5513 


Electrical Specifications t a = -40°c to + 85 °c, v cc = +5V ±5%, v EE = +5V ± 5 %, v BAT = - 28 V, agnd = bgnd = ov, r D01 = r DC2 

= 41 .2kft, R d = 39kft, R SG = C HP = 10nF, C DC = 1 .5pF, Z L = 600ft, Unless Otherwise Specified. All 
pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

GAIN TRACKING (Ref = -1 OdBm, at 1 .0kHz) 

2- Wire to 4- Wire 

-40dBm to +3dBm (Note 20, Figure 1 1 ) 

-0.1 

- 

0.1 

dB 

2-Wire to 4-Wire 

-55dBm to -40dBm (Note 20, Figure 11) 

- 

±0.03 

- 

dB 

4- Wire to 2- Wire 

-40dBm to +3dBm (Note 21, Figure 11) 

-0.1 

- 

0.1 

dB 

4-Wire to 2-Wire 

-55dBm to -40dBm (Note 21 , Figure 1 1 ) 

- 

±0.03 

- 

dB 

k = 'm( 
Where K 

( R DC1 + R DC2 ) 1 


V RDC 
« 1000 

V RSN ) 


— V RDC ’ V RSN 1 c 



/*\ 

TIP RSN 

27 16 

RING RDC 

28 14 



~ n . 


TIP V TX 

27 19 

RING RSN 

28 16 

1 

Rl 4 
600 ^ : 

: 'm 

► 


R DC2 

r bl F 

> R DC1 ( 

* 412kQ Idcme 

Coc 


V T r 

1 

•4 

•< 

: r t 

► 600kft v TX 

r E RX w 

r rx 



41.2kft 0.68nF ■= 




300kft -=r 

FIGURE 10. CURRENT GAIN -RSN TO METALLIC FIGURE 11. FREQUENCY R 

GAIN TRAC 

DISTORTION 

ESPONSE, 

:king 

INSERTION LOSS, 
AND HARMONIC 

NOISE 

Idle Channel Noise at 2-Wire 

C-Message Weighting (Note 22, 

Figure 12) 

- 

7.5 

8.9 

dBrnC 

Idle Channel Noise at 4-Wire 

C-Message Weighting (Note 23, 

Figure 12) 

■ 

§u 

8.9 

dBrnC 

HARMONIC DISTORTION 

2- Wire to 4- Wire 

OdBm, 1kHz (Note 24, Figure 9) 

- 

-65 

-54 

dB 

4-Wire to 2-Wire 

OdBm, 0.3kHz to 3.4kHz (Note 25, 

Figure 11) 

■ 

-65 

-54 

dB 

BATTERY FEED CHARACTERISTICS 

Constant Loop Current Tolerance 

Rdcx = 41 .2kft 

•l_ =2500/(R DG1 + Rdc2)> 

-40°C to +85°C (Note 26) 

0.9I l 

■a 

1.1I L 

mA 

Loop Current Tolerance (Standby) 

Il=(Vbat-3)/(R l +1800), 

-40°C to +85°C (Note 27) 

0.8I l 

«L 

1 *2I l 

mA 

Open Circuit Voltage (V T | P - V R!NG ) 

-40°C to +85°C, (Active) 

15 

- 

19 

V 

LOOP CURRENT DETECTOR 

On Hook to Off Hook 

R d = 39kft 
-40°C to +85°C 

372/R d 

465/R d 

558/R d 

mA 

Off Hook to On Hook 

R d = 39kft 
-40°C to +85°C 

325/R d 

405/R d 

485/R d 

mA 

Loop Current Hysteresis 

R d = 39kft 
-40°C to +85°C 

25/R d 

60/R d 

95/R d 

mA 
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Specifications HC-5513 


Electrical Specifications t a = -40°c to +85°c, v cc = +sv ±5%, v EE = +sv ±5%, v BAT = -28 V, agnd = bgnd = ov, r D01 = r DC2 

= 41 .2kQ, R d = 39kQ, R SG = °°, C HP = 10nF, C DC = 1 .5pF, Z L = 6000, Unless Otherwise Specified. All 
pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 


GROUND KEY DETECTOR 


Tip/Ring Current Difference - Trigger 


Tip/Ring Current Difference - Reset 


Hysteresis 


CONDITIONS 


MAX UNITS 


(Note 28, Figure 13) 


(Note 28, Figure 13) 


(Note 28, Figure 13) 



I RING RSN 
28 16 


FIGURE 12. IDLE CHANNEL NOISE 


RING TRIP DETECTOR (DT, DR) 


Offset Voltage 


Input Bias Current 


Input Common-Mode Range 


Input Resistance 


RING RELAY DRIVER 


V SAT at 25mA 


Off-State Leakage Current 


DIGITAL INPUTS (EO, El, Cl, C2) 


Input Low Voltage, V )L 


Input High Voltage, V 1H 


Input Low Current, l| L : Cl ,C2 


Input Low Current, l| L : E0,E1 


Input High Current 


DETECTOR OUTPUT (DET) 


Output Low Voltage, V 0 |_ 


Output High Voltage, V 0 h 


Internal Pull-up Resistor 


Power Dissipation 


Open Circuit State 


On Hook, Standby 


r t 

600kf2 V r , 


300kn -re- 


source Res = 0 


Source Res = 0 


Source Res = 0 


Source Res = 0 
Balanced 


8mA <IA r A 2 l< 17mA 



^ R DC2 ° DC 

(airing RDC — V/v — { | — c 

1 28 DET 14 41.2kfl 1.5fiF 


FIGURE 13. GROUND KEY DETECT 
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Specifications HC-5513 


Electrical Specifications t a = -40°c to +85°c, v cc = +5V +5%, v EE = +sv ± 5 %, v BAT = - 28 V, agnd = bgnd = ov, r dc1 = r DC2 

= 41 .2k £2, R d = 39kn, R sg = C HP = 10nF, C DC = 1 .5pF, Z L = 600Q, Unless Otherwise Specified. All 
pin number references in the figures refer to the 28 lead PLCC package. (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

On Hook, Active 

Cl = 0, C2 = 1, R l = High Impedance 

- 

- 

150 

mW 

Off Hook, Active 

R L = 0Q 

- 


1.0 

W 


R l = 300Q 

- 

- 

0.72 

W 


R l = 600Q 

- 

- 

0.45 

W 

TEMPERATURE GUARD 

Thermal Shutdown 


150 

- 

180 

O 

o 

SUPPLY CURRENTS (V BAT = -28V) 


l cc , On Hook 

Open Circuit State (Cl , 2 = 0, 0) 

- 

- 

1.5 

mA 

Standby State (Cl, 2=1,1) 

- 

- 

1.7 

mA 

Active State (Cl, 2 = 0,1) 

- 

- 

5.5 

mA 

l EE , On Hook 

Open Circuit State (Cl , 2 = 0, 0) 

- 

- 

0.8 

mA 

Standby State (Cl, 2 = 1, 1) 

- 

- 

0.8 

mA 

Active State (Cl , 2 = 0, 1 ) 

- 

- 

2.2 

mA 

l BA y, On Hook 

Open Circuit State (Cl , 2 = 0, 0) 

- 

- 

0.4 

mA 

Standby State (Cl , 2 =1 , 1 ) 

- 

- 

0.6 

mA 

Active State (Cl, 2 = 0, 1) 

- 

- 

3.9 

mA 


PSRR 


V cc to 2 or 4-Wire port 

(Note 29, Figure 14) 

V EE to 2 or 4- Wire port 

(Note 29, Figure 14) 

V BAT to 2 or 4-Wire port 

(Note 29, Figure 14) 




dB 

dB 

dB 



FIGURE 14. POWER SUPPLY REJECTION RATIO 













































































HC-5513 


NOTES: 

1. Overload Level (Two-Wire port) - The overload level is specified at the 2-wire port (V TR0 ) with the signal source at the 4-wire receive 
port (E rx ). Idcmet = 23mA, increase the amplitude of E RX until 1% THD is measured at V TR0 . Reference Figure 1 . 

2. Longitudinal Impedance - The longitudinal impedance is computed using the following equations, where TIP and RING voltages are 
referenced to ground. L ZT , L ZR , V T , V R , A R and A T are defined in Figure 2. 

(TIP)L zt = V t /A t 

(RING) L zr = V r /A r 

where: E L = 1V RMS (0Hz to 100Hz) 

3. Longitudinal Current Limit (Off Hook Active) - Off Hook (Active, Cl = 1 , C2 = 0) longit udina l current limit is determined by increas- 
ing the amplitude of E L (Figure 3a) until the 2-wire longitudinal balance drops below 45dB. DET pin remains high (no false detection). 

4. Longitudinal Current Limit (On Hook Standby) - On Hook (Active, Cl = 1, C2 = 1) longitudina l curr ent limit is determined by 
increasing the amplitude of E L (Figure 3b) until the 2-wire longitudinal balance drops below 45dB. DET pin remains high (no false 
detection). 

5. Longitudinal to Metallic Balance - The longitudinal to metallic balance is computed using the following equation. 

BLME = 20 • log (E L /V TR ), where: E L and V TR are defined in Figure 4. 

6. Metallic to Longitudinal FCC Part 68, Para 68.310 - The metallic to longitudinal balance is defined in the above mentioned spec. 

7. Longitudinal to Four-Wire Balance - The longitudinal to 4-wire balance is computed using the following equation. 

BLFE = 20 • log (E L /V TX ),: E L and V TX are defined in Figure 4. 

8. Metallic to Longitudinal Balance - The metallic to longitudinal balance is computed using the following equation. 

BMLE = 20 • log (E TR /V L ), E RX = 0 

where: E TR) V L and E RX are defined in Figure 5. 

9. Four-Wire to Longitudinal Balance - The 4-wire to longitudinal balance is computed using the following equation. 

BFLE = 20 • log (E RX /V L ), E TR = source is removed. 

where: E RX V L and E TR are defined in Figure 5. 

10. Two-Wire Return Loss - The 2-wire return loss is computed using the following equation, 
r = -20 • log (2V M /V S ) 

where: Z D = The desired impedance; e.g., the characteristic impedance of the line, nominally 600Q. (Reference Figure 8). 

11. Overload Level (4-Wire port) - The overload level is specified at the 4-wire transmit port (V TX0 ) with the signal source (E G ) at the 
2-wire port, Idcmet = 23mA, ZL = 20kQ (Reference Figure 9). Increase the amplitude of E G until 1% THD is measured at V TX0 . Note 
that the gain from the 2-wire port to the 4-wire port is equal to 1 . 

12. Output Offset Voltage - The output offset voltage is specified with the following conditions: E G = 0, Idcmet = 23mA, ZL = 00 and is 
measured at V TX . E G , Idcmet- v tx and z l are defined in Figure 9. 

13. Two-Wire to Four-Wire (Metallic to V TX ) Voltage Gain - The 2-wire to 4-wire (metallic to V TX ) voltage gain is computed using the fol- 
lowing equation. 

G 2 -4 = V TX /V TR ), E g = OdBmO, V TX , V TR , and E G are defined in Figure 9. 

14. Current Gain RSN to Metallic - The current gain RSN to Metallic is computed using the following equation. 

K = Im [(Rdci "*"^DC 2 VW rdc"V rsn)] K, Im, Rdci- Rdc 2 > Vrdc and V R sn are defined in Figure 10. 

15. Two-Wire to Four-Wire Frequency Response - The 2-wire to 4-wire frequency response is measured with respect to E G = OdBm at 
1 .0kHz, E rx = 0V, Idcmet = 23mA. The frequency response is computed using the following equation. 

F 2 .4 = 20 • log (V TX /V TR ), vary frequency from 300Hz to 3.4kHz and compare to 1kHz reading. 

V TX , V TR , and E G are defined in Figure 11 . 

16. Four-Wire to Two-Wire Frequency Response - The 4-wire to 2-wire frequency response is measured with respect to E RX = OdBm at 
1.0kHz, E g = 0V, Idcmet = 23mA. The frequency response is computed using the following equation. 

F 4 _ 2 = 20 • log (V tr /E rx ), vary frequency from 300Hz to 3.4kHz and compare to 1kHz reading. 

V TR and E rx are defined in Figure 1 1 . 

17. Four-Wire to Four-Wire Frequency Response - The 4-wire to 4-wire frequency response is measured with respect to E RX = OdBm at 
1.0kHz, E g = 0V, Idcmet = 23mA. The frequency response is computed using the following equation. 

F 4 . 4 = 20 • log (V tx /E rx ), vary frequency from 300Hz to 3.4kHz and compare to 1kHz reading. 

V TX and E rx are defined in Figure 11 . 
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18. Two-Wire to Four-Wire Insertion Loss - The 2-wire to 4-wire Insertion loss is measured with respect to E G = OdBm at 1.0kHz input 
signal. E RX = 0, Idcmet = 23mA and is computed using the following equation. 

L 2 - 4 = 20 • log (V TX /V TR ) 

where: V TX> V TR , and E g are defined in Figure 11 . (Note: The fuse resistors, R F , impact the insertion loss. The specified insertion loss is 
for R f = 0). 

19. Four-Wire to Two-Wire Insertion Loss - The 4-wire to 2-wire Insertion loss is measured based upon E RX = OdBm, 1.0kHz input sig- 
nal, E g = 0, Idcmet = 23mA and is computed using the following equation. 

L 4 _2 = 20 • log (V tr /E rx ) 

where: V TR and E RX are defined in Figure 11 . 

20. Two-Wire to Four-Wire Gain Tracking - The 2-wire to 4-wire gain tracking is referenced to measurements taken for E G =-10dBm, 
1.0kHz signal, E RX = 0, I DG met = 23mA and is computed using the following equation. 

G 2 -4 = 20 • log (V TX /V TR ) vary amplitude -40dBm to +3dBm, or -55dBm to -40dBm and compare to -10dBm reading. 

V TX and V TR are defined in Figure 11 . 

21. Four-Wire to Two-Wire Gain Tracking - The 4-wire to 2-wire gain tracking is referenced to measurements taken for E RX = -10dBm, 
1 .0kHz signal, E G = 0, Idcmet = 23mA and is computed using the following equation. 

G 4 _2 = 20 • log (V TR /E RX ) vary amplitude -40dBm to +3dBm, or -55dBm to -40dBm and compare to -10dBm reading. 

V TR and E rx are defined in Figure 11. The level is specified at the 4-wire receive port and referenced to a 6000 impedance level. 

22. Two-Wire Idle Channel Noise - The 2-wire idle channel noise at V TR is specified with the 2-wire port terminated in 600Q (R L ) and with 
the 4-wire receive port grounded (Reference Figure 12). 

23. Four-Wire Idle Channel Noise - The 4-wire idle channel noise at V TX is specified with the 2-wire port terminated in 6000 (R L ). The 
noise specification is with respect to a 6000 impedance level at'/ TX . The 4-wire receive port is grounded (Reference Figure 12). 

24. Harmonic Distortion (2-Wire to 4-Wire) - The harmonic distortion is measured with the following conditions. E G = OdBm at 1kHz, 
Idcmet = 23mA. Measurement taken at V TX . (Reference Figu-e 5 1 ). 

25. Harmonic Distortion (4-Wire to 2-Wire) - The harmonic distortion is measured with the following conditions. E RX = OdBmO. Vary fre- 
quency between 300Hz and 3.4kHz, Idcmet = 23mA. Measurement taken at V TR . (Reference Figure 11). 

26. Constant Loop Current - The constant loop current is calculated using the following equation. 

I L = 2500 / (Rdci + Rdc2) 

27. Standby State Loop Current - The Standby state loop current is calculated using the following equation. 

I L = [IVbat' - 3] / [R L +1800], T amb = 25°C 

28. Ground Key Detector - (TRIGGER) Increase the input current to verify that if A 1 - A 2 > 8mA then DET goes Low. A-) and A 2 are 
defined in Figure 13. 

(RESET) Decrease the input current to verify that if Ai - A 2 <3mA then DET goes high. and A 2 are defined in Figure 13 
(Hysteresis) Compare difference between trigger and reset. 

29. Power Supply Rejection Ratio - Inject a 100mV RMS signal (50Hz to 4kHz) on V BAT , V cc and V EE supplies. PSRR is computed using 
the following equation. 

PSRR = 20 • log (V TX /V| N ). V TX and V tN are defined in Figure 14. 


Pin Descriptions 


PLCC 

PDIP 

SYMBOL 

DESCRIPTION 




Internally connected to output of RING power amplifier. 


Battery Ground - To be connected to zero potential. All loop current and longitudinal current flow from 
this ground. Internally separate from AGND but it is recommended that it is connected to the same 
potential as AGND 


+5V power supply. 


RINGRLY I Ring relay driver output. 


Battery supply voltage, -48V to -56V. 


Saturation guard programming resistor pin. 
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Pin Descriptions (Continued) 


PLCC 

PDIP 

SYMBOL 

DESCRIPTION 

8 

12 

El 

TTL compatible logic input. The logic state of El in conjunction with the logic state of Cl determines 
which detector is gated to the DET (pin 11) output. 

9 

13 

E0 

TTL compatible logic input. Enables the DET (pin 11) output when set to logic level zero and disables 
DET output when set to a logic level one. 

11 

14 

DET 

Detector output. TTL compatible logic output. A zero logic level indicates that the selected detector 
was triggered (see truth table for selection of Ground Key detector, Loop Current detector or the Ring 
Trip detector). The DET output is an open collector with an internal pull-up of approximately 15k£2 to 

Vcc 

12 

15 

C2 

TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open 
Circuit, Active, Ringing or Standby) of the SLIC. 

13 

16 

Cl 

TTL compatible logic input. The logic states of Cl and C2 determine the operating states (Open 
Circuit, Active, Ringing or Standby) of the SLIC. 

14 

17 

RDC 

DC feed current programming resistor pin. Constant current feed is programmed by resistors R DC1 
and R DC2 connected in series from this pin to the receive summing node (RSN, pin16). The resistor 
junction point is decoupled to AGND to isolate the AC signal components. 

15 

18 

AGND 

Analog ground. 

16 

19 

RSN 

Receive Summing Node. The AC and DC current flowing into this pin establishes the metallic loop 
current that flows between TIP (pin 27) and RING (pin 28). The magnitude of the metallic loop current 
is 1000 times greater than the current into the RSN pin. The constant current programming resistors 
and the networks for program receive gain and 2-wire impedance all connect to this pin. 

18 

20 

Vee 

-5V power supply. 

19 

21 

Vtx 

Transmit audio output. This output is equivalent to the TIP to RING metallic Voltage. The network for 
programming the 2-wire input impedance connects between this pin and RSN (pin 16). 

20 

22 

HPR 

RING side of AC/DC separation capacitor C HP . C Hp is required to properly separate the RING AC 
current from the DC loop current. The other end of C HP is connected to pin 21 HPT. 

21 

■ 

HPT 

TIP side of AC/DC separation capacitor C HP . C Hp is required to properly separate the TIP AC current 
from the DC loop current. The other end of C HP is connected to pin 20 HPR. 

22 

2 

RD 

Loop current programming resistor. Resistor R D sets the trigger level for the loop current detect circuit. 
A filter capacitor C D is also connected between this pin and V EE (pin 18). 

23 

3 

DT 

Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network 
to a comparator in the SLIC with inputs DT (pin 23) and DR (pin 25). 

25 

4 

DR 

Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network 
to a comparator in the SLIC with inputs DT (pin 23) and DR (pin 25). 

26 


TIPsense 

Internally connected to output of TIP power amplifier. 

27 

5 

TIPX 

Output of TIP power amplifier. 

28 

6 

RINGX 

Output of RING power amplifier. 

3,10, 
17, 24 

■ 

N/C 

No internal connection. 
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Applications Diagram 



U1 

SLIC (SUBSCRIBER LINE INTERFACE CIRCUIT) 

r F1> r F2 

LINE RESISTOR, 200, 1% MATCH 


HC-5513 

R 1» R 3 

200kQ, 5%, 1/4W 

U2 

COMBINATION CODEC/FILTER E.G. 

CD22354A OR PROGRAMMABLE CODEC/ 

R 2 

91 OkO, 5%, 1/4W 


FILTER, E.G. SLAC 

R 4 

1 .2MO, 5%, 1/4W 

C DC 

1.5|iF, 20%, 10V 

r b 

75.5kai%, 1/4W 

C HP 

10nF, 20%, 100V 

r d 

39kO, 5%, 1/4W 

C RT 

0.39pF, 20%, 100V 

R DC1> R DC2 

41.2kO, 5%, 1/4W 

C TC> C RC 

2200pF, 20%, 10V 

r fb 

20.0kO, 1%, 1/4W 

RELAY 

RELAY, 2C CONTACTS, 12V COIL 

r rx 

300kO, 1%, 1/4W 

Di-D 4 

d 5 

DIODE, 100V, 3A 

DIODE 1N4454 

r t 

r tx 

r rt 

r sg 

600kO, 1%, 1/4W 

20kO, 1%, 1/4W 

1500, 5%, 2W 

Open Circuit 


NOTE: 

1 . The anodes of D 3 and D 4 may be connected directly to the V BAT supply if the application is exposed to only low energy transients. For 
harsher environments it is recommended that the anodes of D 3 and D 4 be shorted to ground through a transzorb or surgector. 
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SLIC Operating States 


EO 

El 

0 

0 

0 

0 

0 

0 

0 

0 



SLIC OPERATING 
STATE 


ACTIVE DETECTOR 


Open Circuit 

No Active Detector 

Logic Level High 

Active 

Ground Key Detector 

Ground Key Status 

Ringing 

No Active Detector 

Logic Level High 

Standby 

Ground Key Detector 

Ground Key Status 



Open Circuit 

No Active Detector 

Logic Level High 

Active 

Loop Current Detector 

Loop Current Status 

Ringing 

Ring Trip Detector 

Ring Trip Status 

Standby 

Loop Current Detector 

Loop Current Status 



Open Circuit 

No Active Detector 

Active 

Ground Key Detector 

Ringing 

No Active Detector 

Standby 

Ground Key Detector 


Open Circuit 

No Active Detector 

Active 

Loop Current Detector 

Ringing 

Ring Trip Detector 

Standby 

Loop Current Detector 
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Introduction 

Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improvement 
and evolution, with perfection as the constant goal. 

Harris Semiconductor’s commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force - from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in 
marketplace competition. Quality, reliability, and performance 
enjoy significantly increased importance as measures of value 
in integrated circuits. 

Quality in integrated circuits cannot be added or considered 
after the fact. It begins with the development of capable 
process technology and product design. It continues in 
manufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 

The Role of the Quality Organization 

The emphasis on building quality into the design and 
manufacturing processes of a product has resulted in a 
significant refocus of the role of the Quality organization. In 
addition to facilitating the development of SPC and DOX, 
Quality professionals support other continuous improvement 
tools such as control charts, measurement of equipment 
capability, standardization of inspection equipment and 
processes, procedures for chemical controls, analysis of 
inspection data and feedback to the manufacturing areas, 
coordination of efforts for process and product improvement, 
optimization of environmental or raw materials quality, and the 
development of quality improvement programs with vendors. 

At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, 
consulting, and managing Quality Improvement projects. 

To support specific market requirements, or to ensure 
conformance to military or customer specifications, the 
Quality organization still performs many of the conventional 
quality functions (e.g., group testing for military products or 
wafer lot acceptance). But, true to the philosophy that quality 
is everyone’s job, much of the traditional on-line measurement 
and control of quality characteristics is where it belongs - with 
the people who make the product. The Quality organization is 
there to provide leadership and assistance in the deployment 
of quality techniques, and to monitor progress. 


The Improvement Process 



SOPHISTICATION OF QUALITY TECHNOLOGY 


FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 

Harris Semiconductor’s quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we embarked 
on a program to move beyond Stage I, and we are currently in 
the transition from Stage III to Stage IV, as more and more of 
our people become involved in quality activities. The 
traditional “quality” tasks of screening, inspection, and testing 
are being replaced by more effective and efficient methods, 
putting new tools into the hands of all employees. Table 1 
illustrates how our quality systems are changing to meet 
today’s needs. 

ISO 9000 Certification 

The manufacturing operations of Harris Semiconductor have 
all received ISO certification. The ISO 9000 series of 
standards were very consistent with our goals to build an 
even stronger quality system foundation. 

Qualified Manufacturing List (QML) 

Harris Semiconductor has supplied military grade integrated 
circuits for over 20 years. The government’s certifying body had 
audited and granted approval to ship JAN, 883 compliant, and 
Source Military Drawing parts used in ground and space 
applications. The discipline required to manufacture high 
reliability components has been beneficial to the commercial 
product lines. Harris has now taken the next evolutionary step 
by transitioning into QML as defined in MIL-PRF-38535. These 
guidelines incorporate the best commercial practices for 
semiconductor manufacturing. 

Designing for Manufacturability 

Assuring quality and reliability in integrated circuits begins with 
good product and process design. This has always been a 
strength in Harris Semiconductor’s quality approach. We have a 
very long lineage of high reliability, high performance products 
that have resulted from our commitment to design excellence. All 
Harris products are designed to meet the stringent quality and 
reliability requirements of the most demanding end equipment 
applications, from military and space to industrial and 
telecommunications. The application of new tools and methods 
has allowed us to continuously upgrade the design process. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 


AREA 

FUNCTION 

MANUFACTURING 

CONTROLS 

QA/QC MONITOR 
AUDIT 

Wafer Fab 

• Internal Audits 


X 


• Environmental 




- Room/Hood Particulates 

X 

X 


- Temperature/Humidity 

X 

X 


- Water Quality 


X 


• Product 




- Junction Depth 

X 



- Sheet Resistivities 

X 



- Defect Density 

X 

X 


- Critical Dimensions 

X 

X 


- Visual Inspection 

X 

X 


- Lot Acceptance 

X 

X 


• Process 




- Film Thickness 

X 

X 


- Implant Dosages 

X 



- Capacitance Voltage Changes 

X 

X 


- Conformance to Specification 

X 

X 


• Equipment 




- Repeatability 

X 

X 


- Profiles 

X 

X 


- Calibration 


X 


- Preventive Maintenance 

X 

X 

Assembly 

• Internal Audits 


X 


• Environmental 




- Room/Hood Particulates 

X 

X 


- Temperature/Humidity 

X 

X 


- Water Quality 


X 


• Product 




- Documentation Check 


X 


- Dice Inspection 

X 

X 


- Wire Bond Pull Strength/Controls 

X 

X 


- Ball Bond Shear/Controls 


X 


- Die Shear Controls 


X 


- Post-Bond/Pre-Seal Visual 

X 

X 


- Fine/Gross Leak 

X 

X 


- PINDTest 

X 

X 


- Lead Finish Visuals, Thickness 

X 

X 


- Solderability 

X 

X 


• Process 




- Operator Quality Performance 

X 

X 


- Saw Controls 

X 

X 


- Die Attach Temperatures 

X 

X 


- Seal Parameters 

X 

X 


- Seal Temperature Profile 

X 

x 


- Sta-Bake Profile 

X 

X 


- Temp Cycle Chamber Temperature 

x 

x 


- ESD Protection 

X 

X 


- Plating Bath Controls 

X 

X 


- Mold Parameters 

X 

X 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (Continued) 



MANUFACTURING 

CONTROLS 


QA/QC MONITOR 
AUDIT 


• Internal Audits 

• Temperature/Humidity 

• ESD Controls 

• Temperature Test Calibration 

• Test System Calibration 

• Test Procedures 

• Control Unit Compliance 

• Lot Acceptance Conformance 

• Group A Lot Acceptance 


• Internal Audits 

• Wafer Repeat Correlation 

• Visual Requirements 

• Documentation 

• Process Performance 


• Internal Audits 

• Functionality Board Check 

• Oven Temperature Controls 

• Procedural Conformance 


• Internal Audits 

• ESD Controls 

• Brand Permanency 

• Temperature/Humidity 

• Procedural Conformance 


• Internal Audits 

• Group B Conformance 

• Group C and D Conformance 


Each new design is evaluated throughout the development Harris standard processing flow for a commercial linear part in 
cycle to validate the capability of the new product to meet the a PDIP package. In addition, Harris can supply products 



end market performance, quality, and reliability objectives. 
The validation process has four major components: 

1 . Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment 

Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 

Special Testing 

Harris Semiconductor offers several standard screen flows to 
support a customer’s need for additional testing and reliability 
assurance. These flows include environmental stress testing, 
burn-in, and electrical testing at temperatures other than 
+25°C. The flow shown in Figure 2 and Figure 3 indicates the 


tested to customer specifications both for electrical 
requirements and for nonstandard environmental stress 
screening. Consult your field sales representative for details. 

TABLE 2. HARRIS I.C. DESIGN TOOLS 
T ~~ I PRODUCTS — 1 


DESIGN STEP ANALC 

Functional Simulation Cds Spice 


Cds Spice Verilog 


Parametric Simulation Cds Spice Monte Cds Spice 

Carlo 

Schematic Capture Cadence Cadence 

Functional Checking Cadence Cadence 

Rules Checking Cadence Cadence 

Parasitic Extraction Cadence Cadence 
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Harris Semiconductor Standard Processing Flow 


COMMERCIAL 


PROBE/DICE 

PREPARATION 


HIGH/ROOM 

TEMP 

PROBE TEST 


DIE ATTACH 
CONTROL 


WIRE BOND 
CONTROL 
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Harris Semiconductor Standard Processing Flow (Continued) 


COMMERCIAL 


TEST (2) 

■ OPERATION 
* QUALITY MONITOR 


AC/DC SINGLE 
INSERTION TEST 
CAPABILITY; 
HIGH/LOW TEMP 


100% ELECTRICAL TEST 


TOP BRAND 


PRE-BURN-IN ELECTRICAL 
TEST 


IF APPLICABLE 


BURN-IN 
POST BURN-IN 
ELECTRICAL TESTS 

APPLY BURN-IN PDA 


IF APPLICABLE 
IF APPLICABLE 


IF APPLICABLE 


QUALITY 

LOT ACCEPTANCE 


QC PRESHIP LOT 
ACCEPTANCE TEST 


PDIP LEAD 
SCANNING 


100% LEAD SCANNING 
PACKING 

★ QC PRESHIP LOT 
ACCEPTABLE 
INSPECTION 

FINAL DATA REVIEW 


(2) Example for a Linear Part in PDIP Package 
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TABLE 3. SUMMARIZING CONTROL APPLICATIONS 


• Diffusion 

- Junction Depth 

- Sheet Resistivities 

- Oxide Thickness 

- Implant Dose Calibration 

- Uniformity 

• Thin Film • 

- Film Thickness 

- Uniformity 

- Refractive Index 

- Film Composition 

- Particles Added 

Photo Resist • Measurement Equipment 

- Critical Dimension - Critical Dimension 

- Resist Thickness - Film Thickness 

- Etch Rates - Resistivity 

- Energy Monitor (E 0 ) 

ASSEMBLY 

• Pre-Seal 

• Post-Seal • 

Measurement 

- Die Prep Visuals 

- Internal Package Moisture 

- XRF 

- Yields 

- Tin Plate Thickness 

- Radiation Counter 

- Die Attach Heater Block 

- PIND Defect Rate 

- Thermocouples 

- Die Shear 

- Solder Thickness 

- GM-Force Measurement 

- Wire Pull 

- Leak Tests 


- Ball Bond Shear 

- Module Rm. Solder Pot Temp. 


- Saw Blade Wear 

- Seal 


- Pre-Cap Visuals 

- Temperature Cycle 


TEST 


- Handlers/Test System 

- Monitor Failures 


- Defect Pareto Charts 

- Lead Strengthening Quality 


- Lot % Defective 

- After Burn-In PDA 


- ESD Failures per Month 


OTHER 

• IQC 

• Environment • 

IQC Measurement/Analysis 

- Vendor Performance 

- Water Quality 

- XRF 

- Material Criteria 

- Clean Room Control 

- ADE 

- Quality Levels 

- Temperature 

- 4 Point Probe 


- Humidity 

- Chemical Analysis Equipment 


Controlling and Improving the 
Manufacturing Process - SPC/DOX 

Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris 
manufacturing people use control charts to determine the 
normal variabilities in processes, materials, and products. 
Critical process variables and performance characteristics are 
measured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an 
operation is outside the process control limits or indicates a 
nonrandom pattern inside the limits. These same control 
charts are powerful tools for use in reducing variations in 
processing, materials, and products. Table 3 lists some typical 
manufacturing applications of control charts at Harris 
Semiconductor. 

SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The 
conventional way of dealing with this in the semiconductor 
industry has been to implement 100% screening or inspection 
steps to remove defects, but these techniques are insufficient 
to meet today’s demands for the highest reliability and perfect 
quality performance. 


Harris still uses screening and inspection to “grade” products 
and to satisfy specific customer requirements for burn-in, 
multiple temperature test insertions, environmental screening, 
and visual inspection as value-added testing options. 
However, inspection and screening are limited in their ability 
to reduce product defects to the levels expected by today’s 
buyers. In addition, screening and inspection have an 
associated expense, which raises product cost (see Table 4). 

TABLE 4. APPROACH AND IMPACT OF STATISTICAL 
QUALITY TECHNOLOGY 


STAGE 

APPROACH 

IMPACT 

1 

Product 

Screening 

• Stress and Test 

• Defective Prediction 

• Limited Quality 

• Costly 

• After-The-Fact 

II 

Process 

Control 

• Statistical Process 
Control 

• Just-In-Time 
Manufacturing 

• Identifies Variability 

• Reduces Costs 

• Real Time 

III 

Process 

Optimization 

• Design of Experi- 
ments 

• Process Simulation 

• Minimizes Variability 

• Before-The-Fact 

Iv 

Product 

Optimization 

• Design for Produc- 
ibility 

• Product Simulation 

• Insensitive to Vari- 
ability 

• Designed-In Quality 

• Optimal Results 
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Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements are 
aimed at upgrading process performance by studying the key 
variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach is 
a more time-consuming method of achieving quality 
perfection, but a better product results from the efforts, and 
the basic causes of product nonconformance can be 
eliminated. 

SPC, DOX, and design for manufacturability, coupled with our 
100% test flows, combine in a product assurance program 
that delivers the quality and reliability performance demanded 
for today and for the future. 

Average Outgoing Quality (AOQ) 

Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from each 
lot and is measured in parts per million (PPM). The current 
procedures and sampling plans outlined in ANSI/ASQC Z1.4, 
MIL-STD-883 and MIL-PRF-38535 are used by our quality 
inspectors. 

The focus on this quality parameter has resulted in a 
continuous improvement to less than 100 PPM, and the goal 
is to continue improvement toward 0 PPM. 

Training 

The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 


Extensive training of personnel involved in product 
manufacturing began in 1984 at Harris, with a comprehensive 
development program in statistical methods. Using the 
resources of Harris statisticians, private consultants, and 
internally developed programs, training of engineers, 
facilitators, and operators/technicians has been an ongoing 
activity in Harris Semiconductor. 

Over the past years, Harris has also deployed a 
comprehensive training program for hourly operators and 
facilitators in job requirements and functional skills. All hourly 
manufacturing employees participate (see Table 5). 

Incoming Materials 

Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality 
enhancement, yield improvement, and cost control. With the 
use of statistical techniques, the influence of silicon, 
chemicals, gases and other materials on manufacturing is 
highly measurable. Current measurements indicate that 
results are best achieved when materials feeding a 
statistically controlled manufacturing line have also been 
produced by statistically controlled vendor processes. 

To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers with 
our manufacturing lines. This user-supplier network is the 
Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor’s 
factory acts as if it were a beginning of the Harris production line. 

SPC seminars, development of open working relationships, 
understanding of Harris’s manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 



SPC, Intermediate 


SPC, Advanced 


Manufacturing Operators, 

Non-Manufacturing 

Personnel 


Manufacturing Supervisors, 
Technicians 


Manufacturing Engineers, 
Manufacturing Managers 


Design of Experiments Engineers, Managers 
(DOX) 


Response Surface 
Methods (RSM) 


Capability Studies 


Engineers, Managers 


Engineers, Managers 


Techs, Faciitators, 
Engineers 


TOPICS COVERED 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Introduction to Capability 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Advanced Control Charts, Variance Com- 
ponent Analysis, Capability Analysis 


Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis 
of Variance, Normal Probability Plots, Statistical Intervals, Variance Compo- 
nent Analysis, Multiple Comparison Procedures, Hypothesis Testing, Model 
Assumptions/Diagnostics 


Simple Linear Regression, Multiple Regression, Coefficient Interval Estima- 
tion, Diagnostic Tools, Variable Selection Techniques 


Steepest Ascent Methods, Second Order Models, Central Composite 
Designs, Contour Plots, Box-Behnken Designs 


Capability Indices (C P and C PK ), Variance Components, Nested Models, 
Fixed and Random Effects 
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the certification process. The sole use of engineering limits no In addition to the certification process, Harris has worked to 
longer is the only quantitative requirement of incoming materials, promote improved quality in the performance of all our qualified 
Specified requirements include centered means, statistical vendors who must meet rigorous incoming inspection criteria 
control limits, and the requirement that vendors deliver their (see Table 6). 
products from their own statistically evaluated, in-cohtrol 
manufacturing processes. 


TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL 

INCOMING INSPECTIONS 

VENDOR DATA REQUIREMENTS 

Silicon 

• Resistivity 

• Crystal Orientation 

• Dimensions 

• Edge Conditions 

• Taper 

• Thickness 

• Total Thickness Variation 

• Backside Criteria 

• Oxygen 

• Carbon 

• Equipment Capability Control Charts 

- Oxygen 

- Resistivity 

• Control Charts Related to 

- Enhanced Gettering 

- Total Thickness Variation 

- Total Indicated Reading 

- Particulates 

• Certificate of Analysis for all Critical Parameters 

• Control Charts from On-Line Processing 

• Certificate of Conformance 

Chemicals/Photoresists/ 

Gases 

• Chemicals 

- Assay 

- Major Contaminants 

• Molding Compounds 

- Spiral Flow 

- Thermal Characteristics 

• Gases 

- Impurities 

• Photoresists 

- Viscosity 

- Film Thickness 

- Solids 

- Pinholes 

• Certificate of Analysis on all Critical Parameters 

• Certificate of Conformance 

• Control Charts from On-Line Processing 

• Control Charts 

- Assay 

- Contaminants 

- Water 

- Selected Parameters 

• Control Charts 

- Assay 

- Contaminants 

• Control Charts on 

- Photospeed 

- Thickness 

- UV Absorbance 

- Filterability 

- Water 

- Contaminants 

Thin Film Materials 

• Assay 

• Selected Contaminants 

• Control Charts from On-Line Processing 

• Control Charts 

- Assay 

- Contaminants 

- Dimensional Characteristics 

• Certificate of Analysis for all Critical Parameters 

• Certificate of Conformance 

Assembly Materials 

• Visual Inspection 

• Physical Dimension Checks 

• Glass Composition 

• Bondability 

• Intermetallic Layer Adhesion 

• Ionic Contaminants 

• Thermal Characteristics 

• Lead Coplanarity 

• Plating Thickness 

• Hermeticity 

• Certificate of Analysis 

• Certificate of Conformance 

• Process Control Charts on Outgoing Product Checks 
and In-Line Process Controls 

. 
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Calibration Laboratory 

Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national 
standards. Each lab maintains a system which conforms to 
the current revision of ANSI/NCSL Z540-1 . 

Each instrument requiring calibration is assigned a calibration 
interval based upon stability, purpose, and degree of use. The 
equipment is labeled with an identification tag on which is 
specified both the date of the last calibration and of the next 
required calibration. The Calibration Lab reports on a regular 
basis to each user department. Equipment out of calibration is 
taken out of service until calibration is performed. The Quality 
organization performs periodic audits to assure proper control 
in the using areas. Statistical procedures are used where 
applicable in the calibration process. 

Manufacturing Science - CAM, JIT, TPM 

in addition to SPC and DOX as key tools to control the 
product and processes, Harris is deploying other 
management mechanisms in the factory. On first examination, 
these tools appear to be directed more at schedules and 
capacity. However, they have a significant impact on quality 
results. 

Computer Aided Manufacturing (CAM) 

CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In 
addition, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and aids 
in managing work in process (WIP) and inventories. 

The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a number 
of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 

The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 


Just In Time (JIT) 

The major focus of JIT is cycle time reduction and linear 
production. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Quality 
Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination of 
waste. 

Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added 
activities, demand/pull to improve production flow, TQC check 
points and Employee Involvement Teams using root cause 
analysis for problem solving. 

JIT implementations at Harris Semiconductor have resulted in 
significant improvements in cycle time and linearity. The 
benefits from these improvements are better on time delivery, 
improved yield, and a more cost effective operation. 

JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 

Total Productive Maintenance (TPM) 

TPM or Total Productive Maintenance is a specific 
methodology which utilizes a definite set of principles and 
tools focusing on the improvement of equipment utilization. It 
focuses on the total elimination of the six major losses which 
are equipment failures, setup and adjustment, idling and 
minor stoppages, reduced speed, process defects, and 
reduced yield. A key measure of progress within TPM is the 
overall equipment effectiveness which indicates what 
percentage of the time is a particular equipment producing 
good parts. The basic TPM principles focus on maximum 
equipment utilization, autonomous maintenance, cross 
functional team involvement, and zero defects. There are 
some key tools within the TPM technical set which have 
proven to be very powerful to solve long standing problems. 
They are initial clean, P-M analysis, condition based 
maintenance, and quality maintenance. 

Utilization of TPM has shown significant increases in 
utilization on many tools across the Sector and is rapidly 
becoming widespread and recognized as a very valuable tool 
to improve manufacturing competitiveness. 

The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a good 
stepping stone to JIT because a high overall equipment 
effectiveness guarantees the equipment to be available and 
operational at the right time as demanded by JIT. 
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Introduction 

At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This starts 
by ensuring the excellence of the design, layout, and 
manufacturing processes. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its useful 
life. 

Reliability Engineering 

The Reliability Engineering department is responsible for all 
aspects of reliability assurance at Harris Semiconductor: 

• Charter 

- To ensure that Harris is recognized by our customers and 
competitors as a company that consistently delivers prod- 
ucts with high reliability. 

• Mission 

- To develop systems for assessing, enhancing, and assuring 
that quality and reliability are integrated into all aspects of 
our business. 

• Vision 

- To establish excellence and integrity through all design and 
manufacturing processes as it relates to quality and reliabil- 
ity. 

Values 

• To be considered responsive and service oriented by 
our customers. 

• To be acknowledged by Harris as a highly qualified 
resource for reliability assurance, product analysis, and 
electronic materials characterization. 

• To successfully utilize the organization’s talents 
through trained, empowered employees/employee 
team participation. 

• To maintain an attitude of integrity, dignity and respect 
for all. 

Strategy 

• To provide quantitative assessments of product reliabil- 
ity focusing on the identification and timely elimination 
of design and processing deficiencies that degrade 
product performance and operating life expectancy. 

• To provide systems for continuous improvement of reli- 
ability and quality through the assessment of existing 
processes, products, and packages. 

• To perform product analysis as a means of problem 
solving and feedback to our customers, both internal 
and external. 

• To exercise full authority over the internal qualifications 
of new products, processes, and packages. 


The reliability organization is comprised of a team that 
possesses a broad cross section of expertise in these areas: 

• Custom Military (Radiation Hardened) 

• Automotive ASICs 

• Harsh Environment Plastic Packaging 

• Advanced Methods for Design for Reliability (DFR) 

• Strength in Power Semiconductor 

• Chemical/Surface Analysis Capabilities 

• Failure Analysis Capabilities 

The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics, and service systems. These 
major systems are summarized below: 

• A process and product development system known as 
ACT PTM (Applying Concurrent Teams to Product-To- 
Market) has been established. The ACT PTM philosophy 
is one of new product development through a team that 
pursues customer involvement. The team has the author- 
ity, responsibility, and training necessary to successfully 
bring the product to market. This not only includes product 
definition and design, but also all manufacturing capabili- 
ties as well. 

• Standard test vehicles (over 100) have been developed 
for process characterization of wear-out failure mecha- 
nisms. These vehicles are used for conventional stresses 
(for modeling failure rates) and for wafer level reliability 
characterization during development. 

• Common qualification standards have been established 
for all sites. 

• A reliability monitoring system (also known as the Matrix 
monitoring system) is utilized for products in production to 
ensure ongoing reliability and verification of continuous 
improvement. 

• The field return system is designed to handle a variety of 
customer issues in a timely manner. Product issues are 
often handled by routing the product into the PFAST 
(Product Failure Analysis Solution Team) system. Return 
authorizations (RAs) are issued where an entire lot of 
product needs to be returned to Harris. The Customer 
Return Services (CRS) group is responsible for the admin- 
istration of this system (see Customer Return Services.) 

• The PFAST system has been established to expedite fail- 
ure analysis, failure root cause determination, and correc- 
tive actions for field returns. PFAST is a team effort involv- 
ing many functional areas at all Harris sites. The purpose 
of this system is to enable Harris’s Field Sales and Quality 
operations to properly route, track, and respond to our 
customer’s needs as they relate to product analysis. 
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Design for Reliability 
(Wear-Out Characterization) 

The concept of “Design for Reliability” focuses on moving 
reliability assessment away from tests on sample product to a 
point much earlier in the design cycle. Effort is directed at 
building in and verifying the reliability of a new process well 
before manufacture of the first shippable product that uses 
that technology. This gives these first new products a higher 
probability of success and achieves reduced product-to- 
market cycle times. 

In practice, a set of standardized test vehicles containing 
special test structures are transferred to the new process 
using the layout ground rules specified for that process. Each 
test structure is designed for a specific wear-out failure 
mechanism. Highly accelerated stress tests are performed on 
these structures and the results can be extrapolated to 
customer use conditions. Generally, log-normal statistics are 
used to define wear-out distributions for the life prediction 
models. The results are used to establish reliability design 
ground rules and critical node lists for each process. These 
ground rules and critical nodes ensure that wear-out failures 
do not occur during the customer’s projected use of the 
product. 

Process/Product/Package Qualifications 

Once the new process has successfully completed wear-out 
characterization, the final qualification consists of more 
conventional testing (e.g. biased life, storage life, temp cycle 
etc.). These tests are performed on the first new product 
designs (sampled across multiple wafer production lots). 
Successful completion of the final qualification tests 
concurrently qualifies the new process and the new products 
that were used in the qualification. Subsequent products 
designed within the now-established ground rules are 
qualified individually prior to introduction. New package 
configurations are also qualified individually prior to being 
available for use with new products. 

Harris’s qualification procedures are specified via controlled 
documentation and the same standard is used at Harris’s 
sites worldwide. Figure 4 gives more information on the new 
process/product development and life cycle. 

Product/Package Reliability Monitors 

Many of the accelerated stress-tests used during initial 
reliability qualification are also employed during the routine 
monitoring of standard product. Harris’s continuing reliability 
monitoring program consists of three groups of stress tests, 
labeled Matrix I, II and III. Table 6 outlines the Matrix tests 
used to monitor plastic packaged ICs in Harris’s off-shore 
assembly plants, where each wafer fab technology is 
sampled. Matrix I consists of highly accelerated, short 
duration (typically 48 hours) tests, sampled biweekly, which 
provide real-time feedback on product reliability. Matrix II 
consists of the more conventional, longer term stress-tests, 
sampled monthly, which are similar to those used for product 
qualification. Finally, Matrix III, performed monthly on each 
package style, monitors the mechanical reliability aspects of 


the package. Any failures occurring on the Matrix monitors are 
fully analyzed and the failure mechanisms identified, with 
containment and corrective actions obtained from 
Manufacturing and Engineering. This information along with 
all of the test results are routinely transmitted to a central data 
base in Reliability Engineering, where failure rate trends are 
analyzed and tracked on an ongoing basis. These data are 
used to drive product improvements, to ensure that failure 
rates are continuously being reduced over time. 

Reliability data, including the Matrix Monitor results, can be 
obtained by contacting your local Harris sales office. 

TABLE 7. PLASTIC PACKAGED 1C MONITORING TESTS 


MATRIX I 


TEST 

CONDITIONS 

DURATION 

SAMPLE/ 

LTPD 

Autoclave 

+121°C, 

100%RH, 15PSIG 

96 Hours 

45/5 

Biased Life 

+175°C 

48 Hours 

45/5 

Biased Life 

+125°C 

48 Hours 

45/5 

HAST 

+135°C, 85% RH 

48 Hours 

45/5 

Thermal Shock 

-65°C to +150°C 

200 Cycles 

45/5 


MATRIX II 


TEST 

CONDITIONS 

DURATION 

SAMPLE/ 

LTPD 

Autoclave 

+121°C, 

100%RH, 15PSIG 

1 92 Hours 

45/5 

Biased Humidity 

+85°C, 85% RH 

1000 Hours 

45/5 

Biased Life 

+125°C 

1000 Hours 

45/5 

Dynamic Life 

+125°C 

1000 Hours 

45/5 

Storage Life 

+150°C 

1000 Hours 

45/5 

Temp. Cycle 

-65°C to +150°C 

1000 Cycles 

45/5 


MATRIX III 


TEST 

CONDITIONS 

SAMPLE/LTPD 

Brand Adhesion 

MIL-STD-883/201 5 

15/15 

Flammability 

(UL-94 Vertical Burn) 

11/20 

Lead Fatigue 

MIL-STD-883/2004 

15/15 

Physical Dimensions 

MIL-STD-883/201 6 

11/20 

Solderability 

M 1 L-STD-883/2003 

45/15 
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RELIABILITY FOCUS 


| product definition review | • Assumes process development required 

| concept review | • Evaluate reliability risks factors 


• Attain commitment for test vehicle development 

| design review • Review test vehicle development and stress test plan 


• Review package requirements and ESD requirements 

• Review latent random failure mechanism history and design for elimination 

• Review ground rules for design and elimination of wear-out mechanisms 

• Review process characterization, statistical control and capability and critical 
node list 

• Review device modeling and simulations 

• Review process variability and producibility 

• Define wafer level reliability vehicles 

| layout review | | • Evaluate design of chip to package risk factors 


• Review Design ground Rule Checks (DRCs) 

• Establish reliability test, stress and failure analysis capabilities 

• Project failure rate based on test vehicle data 

• Review burn-in diagrams for production and qualification 

• Review overall qualification plan 

1 TEST VEHICLE FABRICATION | | • Test vehicles and/or product constructed 


• Conduct wear-out characterization and/or product stress testing 

*** 

| evaluation review | | • Review test vehicle stress results 


• Verify wear-out mechanisms are eliminated by design and Statistical Process 
Control (test vehicle + SPC) 

• Review product characterization to data sheet, ESD, latch-up and Destructive 
Physical Analysis (DPA) results and define corrective actions 

• Review of life test data and failure mechanisms. Define corrective actions 

• Utilize statistical Design Of Experiments (DOX) if required to adjust process or de- 
sign 

• Define necessary changes to eliminate any systematic failure mechanism 

• If mature process - grant generic release 

i new product transfer | | • Qualification requirements complete and presented. Meet FIT rate requirements 



• Review infant mortality burn-in results 

• Initiate reliability monitor plan 

! — | manufacture | | • Reliability Monitors: 


- Matrix monitor assessment 

- Military quality conformance testing 

• Trend analysis of reliability performance used to develop product improve- 
ments 

• Yield management support 

| shipment | • High quality and reliable products shipped to Harris customers 

L*| continuous improvement | — • Failure Analysis - Determine assignable cause of failure 

• Closed loop corrective action process 

• Continuous improvement objectives in product reliability and quality 


FIGURE 4. NEW PROCESS/PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Customer Return Services 


Harris places a high priority on resolving customer return 
issues. The Customer Return Services (CRS) department is 
responsible for determining the best manner to handle a 
return issue as illustrated in Figure 5. 



FIGURE 5. GENERAL RETURN FLOW 

The diversity of return reasons requires that many different 
organizations be involved to test, analyze, and correct field 
return issues. The CRS group coordinates the responses 
from the supporting organizations to drive closure of issues 
within the customer response time requirements, see Table 7. 
The results from the work performed on customer returns are 
used to initiate corrective actions and continuous 
improvements within the factories. When the work on a return 
is completed, the customer is contacted to be certain all 
issues have been satisfactorily resolved. 

The two methods used to return devices are by a RA (Return 
Authorization) request or by a PFAST (Product Failure 
Analysis Solution Team) request. The main difference 
between RA and PFAST is that the PFAST requests often 
require extensive analysis and a more formal response to the 
customer. All returns follow the same general procedure from 
the customer’s perspective as seen in steps one to five of the 
customer return procedure. 


• Step 1 - Customer or Sales office contacts the Cus- 
tomer Return Services department. If a return is to be 
routed into the PFAST system, then a PFAST Action 
Request (see the PFAST form in this section) needs to 
be completed to understand the customer’s issue and 
direct the analysis efforts. 

- Phone Number: (407)-724-7400 

- FAX Number: (407)-724-7658 

- Internet: creturn@huey.mis.semi.harris.com 

- PROFS: CRETURN 

• Step 2 - The Customer Return Services department 
notifies all affected sales, factory, and engineering 
organizations of the issue. 


• Step 3 - When product is received, the issue is verified 
and any required analysis is performed. Where applica- 
ble, a preliminary analysis report is sent to the cus- 
tomer. 


• Step 4 - A determination of the root cause of failure ini- 
tiates the corrective actions to address the source of 
the problem. A final corrective action report is sent to 
the customer if requested. 

• Step 5 - The Customer Return Services department 
contacts the customer to confirm that all issues have 
been handled properly and the customer is satisfied 
that the return is completed. 

The RA request is used to return and replace an entire lot of 
product. The lot is returned to Harris for replacement or credit. 
Once the product is received various tests and evaluations 
will be performed to determine the appropriate actions that 
should be taken to resolve any problems or issues. 

A PFAST request is used to return a small sample for analysis 
of a problem. The ultimate outcome of both types of requests 
is to determine corrective actions that would preclude the 
same problem occurring in the future. Where appropriate, a 
containment plan is also implemented to prevent a re- 
occurrence of the problem in the field. The customer return 
flow diagram (Figure 6) provides the typical activities and 
cycle times for processing a PFAST request. 
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TABLE 8. CUSTOMER RETURN SERVICES 


CHARTER 

MISSION 

RESPONSIBILITIES 

To resolve product quality issues 
while providing feedback to both 
external and internal customers to 
facilitate corrective actions and 
continuous improvement of the 
product. 

To provide a single point interface 
between the customer and the 
factory for resolving technical 
problems, issues, and field returns. 

1 . Maintain customer return history. 

2. Track returns through the factory. 

3. Establish a history library of problems 
and corrective actions. 

4. Ensure closure with customers. 



CUSTOMER RETURN SERVICES GROUP 


| CORRECTIVE 
ACTION 
REPORT 


/TAILURE^ 
ANALYSIS 
k REQUIRED? . 


Corrective' 

action 

.REQUIRED? A 


PRODUCT 

ENGINEERING 


ASSEMBLY 

ENGINEERING 


PRODUCT 

ANALYSIS 

LABORATORY 


MANUFACTURING 


FAILURE 

VERIFICATION 


FAILURE ANALYSIS 
(IF REQUIRED) 


CORRECTIVE ACTIONS 
AND CONTAINMENT ACTIONS 


33 DAYS TOTAL CYCLE TIME - 


NOTE: The days indicated are the typical number of ‘working days’ not calendar days. Analysis difficulty 
and the nature of the corrective actions may either improve or degrade the total cycle time. 

FIGURE 6. CUSTOMER RETURN FLOW DIAGRAM 


13-16 














Harris Reliability 


HARJRIS 017 4 CT 4 PTTr 

ULJ SEMICONDUCTOR PFAST ACTK 

(Product Failure Am 

Request # 


)N REQUEST 

ilysis Solution Team) 

Date: 


Originator 

Customer 



Companv/Phone No. 

Location 



Device Tvpe/Part No. 

Customer's Reference No. 



No. Samples Returned 

Ouantitv Received 







Instructions and requirements are on the back of this form. 



Has Field Applications been contacted for assistance? □ No □ Yes - Who was contacted 



SOURCE OF PROBLEM 

REASON FOR ELECTRICAL REJECT 



(Enter the sequence of events in the boxes provided) 

(Where appropriate serialize units and specify for each) 



1. Visual/Mechanical 

Test Conditions Relating to Failure 



□ Describe 

Tester Used (Mfgr/Model) 




Test Temperature 



2. Incoming Test □ Not Performed 

Test Time □ Continuous (T = sec") 



□ 1 00% Tested □ Sample Tested 

□ One Shot (T = sec') 



No. Tested No. of Rejects 

Describe any observed condition to which 



Are results representative of previous lots? 

failure appears sensitive 



□ YES □ NO 




3. In Process/Manufacturing Failure 




□ Board Test □ System Test 




How manv units failed? 

1. □ DC Failure 



Failed after hours of testing 

□ Open □ Short □ Leakage 



Was unit retested at incoming inspection? 

f~l Power Drain □ Input Level □ Output Level 



□ YES □ NO 

Pin Number 



Are results representative of previous lots? 

2. □ AC Failure 



□ YES □ NO 

Power Supply Voltages = V 



4. Field Failure 

Input Voltages V] H = V V IL = V 



Failed after hours operation 

Pin Number 



Estimated failure rate % per 

Failing characteristics 



End User Location 




Min. °C Ave. °C Max. °C 




5. Other 

3. □ RAM and ROM Failures (ROM failures must be 




returned with a good master unit if failure 



ACTION REQUESTED BY CUSTOMER 

analysis is requested). 




Address of Failing Location 



Specific Action Requested (Contact PFAST Coordinator for other 




options) 

Describe Pattern Used (If not standard 



□ Test Sample for Correlation Only 

patterns, give very complete description 



□ Test Sample for Product Return >$5k 

including address seauence). 



□ Failure Analysis 




□ Other 




Impact of Failed Units on Customer's Situation: 

Include timing diagrams and circuit schematic if available. 




ROM Programmer Used (If purchased 




unprogrammed) 



Customer Contact with Specific Knowledge of Rejects 




Name 




Position Phone 

Conformal Coating (Mfgr/Model) 







Additional Comments: 


FIGURE 7. PFAST ACTION REQUEST 
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INSTRUCTIONS FOR COMPLETING PFAST ACTION REQUEST FORM 

The purpose of this form is to help us provide you with a more accurate, complete, and timely response to failures which may occur. Accurate 
and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need for accurate and 
complete information, requests without a completed PFAST Action Request form will be returned. 

Source of Problem: 

This section requests the product flow leading to the failure. Mark an ‘X’ in the appropriate boxes up to and including the step which detected 
the failure. Also mark an ‘X’ in the appropriate box under “ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS?” to indicate whether 
this is a rare failure or a repeated problem. 


Example 1. No incoming electrical test was performed; the units 
were installed onto boards; the boards functioned correctly for two 
hours and then 1 unit failed. The customer rarely has a failure due 
to the Harris device. 


Example 2. 100 out of the 500 units shipped were tested at incom- 
ing and all passed. The units were installed into boards and the 
boards passed. The boards were installed into the system and the 
system failed immediately when turned on. There were 3 system 
failures due to this part. The customer frequently has failures of 
this Harris device. The 3 units were not retested at incoming. 


SOURCE OF PROBLEM 

(Enter the sequence of events in the boxes provided) 


SOURCE OF PROBLEM 

(Enter the sequence of events in the boxes provided) 

1. Visual/Mechanical 
□ Describe 


1. Visual/Mechanical 
□ Describe 



2. Incoming TEst 12 Not Performed 

□ 100% Tested □ Sample Tested 

No. Tested No. of Rejects 

2. Incoming TFst □ Not Performed 

□ 100% Tested 2 Sample Tested 

No. Tested 100 No. of Rejects 0 

Are results representative of previous lots? 

□ YES □ NO 

3. In Process/Manufacturing Failure 

12 Board Test □ System Test 

How MANY UNITS FAILED? 

Failed after 2 hours of testing 

Was unit retested at incoming inspection? 

□ YES 2 NO 

Are results representative of previous lots? 

□ YES 2 NO 

4. Field Failure 

Failed after hours operation 

Estimated failure rate % per 

End User Location 

Are results representative of previous lots? 

2 YES □ NO 

3. In Process/Manufacturing Failure 

2 Board Test 2 System Test 

How many units failed? 3 

Failed after 0 hours of testing 

Was unit retested at incoming inspection? 

□ YES 2 NO 

Are results representative of previous lots? 

2 YES □ NO 

4. Field Failure 

Failed after hours operation 

Estimated failure rate % per 

End User Location 

Min. ’C Ave. *C Max. 'C 

5. Other 

Min. 'C Ave. 'C Max. ‘C 

5. Other 




Action Requested by Customer: 

This section should be completed with the customer’s expectations. This information is essential for an appropriate response. 

Reason for Electrical Reject: 

This section should be completed if the type of failure could be identified. If this information is contained in attached customer correspondence 
there is no need to transpose onto the PFAST Action Request form. 

PFAST REQUIREMENTS 

The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can cause erro- 
neous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being returned. Contact the local 
PFAST Coordinator if you have any questions. 

Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed in order 
to perform electrical and hermeticity testing. 

1 . Units must be returned with proper ESD protection (ESD-safe shipping tubes within shielding box/bag or inserted into conductive foam 
within shielding box/bag). No tape, paper bags, or plastic bags should be used. This requirement ensures that the devices are not damaged 
during shipment back to Harris. 

2. Units must be intact (lid not removed and at least part of each package lead present). This is a requirement since the parts must be intact in 
order to perform electrical test. Also, opening the package can remove evidence of the cause of failure and lead to an incorrect conclusion. 

3. Programmable parts (ROMs, PROMs, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This requirement is 
to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 

FIGURE 7. PFAST ACTION REQUEST (Continued) 
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Product Analysis Lab 

The Product Analysis Laboratory capabilities and charter 
encompass the isolation and identification of failure modes 
and mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. The primary 
activities of the Product Analysis Lab are electrical 
verification/characterization of the failure, package inspection/ 
analysis, die inspection/analysis, and circuit isolation/probing. 
A variety of tools and techniques have been developed to 
ensure the accuracy and integrity of the product analysis. This 
section lists some of the tools and techniques that are 
employed during a typical analysis. 

The electrical verification/characterization of devices failing 
electrical parameters is essential prior to performing an 
analysis. The information obtained from the electrical 
verification provides a direction for the analysis efforts. The 
following electrical verification/characterization equipment 
may be used to obtain electrical data on a device: 

• LV500 ASIC verification system 

• LTS2020 Analog tester 

• Curve Tracer 

• Parametric Analyzer 

Prior to die level analysis, package inspection and analysis 
are performed. These steps are performed routinely since 
valuable data may not be obtainable once the package is 
opened. The package inspection and analysis may require 
the use of some of the following lab equipment: 

• X-ray 

• C-mode Scanning Acoustic Microscope (C-SAM) 

• Optical inspection microscopes 

• Package opening tools and techniques 


Once the device has been opened, die inspection and 
analysis can be performed. Depending on the type of failure, 
several tools and techniques may be used to identify the 
failure mechanism. Usually the faster and easier to use 
operations are performed first in an attempt to expedite the 
analysis. The list of equipment and techniques for performing 
die inspection and analysis is as follows: 

• Optical microscopes 

• Liquid crystal 

• Emission microscope 

• Scanning electron microscopes - SEM 

The final step of circuit isolation is ready to be performed 
when an area of the circuit has been identified as the source 
of the problem through one of the previous analysis efforts. 
Circuit analysis is performed using the following probing and 
isolation tools: 

• Mechanical probing 

• Laser cutter and isolation 

• E-beam probing 

• Cross sectioning and chemical deprocessing 

A typical analysis flow is shown in the Figure 8 below. The 
exact analysis steps and sequence are determined as the 
situation dictates. For the analysis to be conclusive, it is 
essential that the failure mechanism correlates to the initial 
product failure conditions. Some failure mechanisms require 
elemental and chemical analysis to identify the root cause 
within the manufacturing process. Elemental and chemical 
analysis tasks are sent to the Analytical Services Lab for 
further evaluation. 

The results of each analysis are entered into a computer data 
base. This data base is used to search for specific types of 
problems, to identify trends, and to verify that the corrective 
actions were effective. 



NON-DESTRUCTIVE DESTRUCTIVE 

FIGURE 8. ANALYSIS SEQUENCE 
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Analytical Services Laboratory 

Chemical and physical analysis of materials and processes is 
an integral part of Harris’ Total Quality/Continuous 
Improvement efforts to build reliability into processes and 
products. Manufacturing operations are supported with real- 
time analyses to help maintain robust processes. Analyses 
are run in cooperation with raw material suppliers to help 
them provide controlled materials in dock-to-stock 
procurement programs. 

Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 
complete analytical studies. 

The department also maintains ongoing working 
arrangements with commercial laboratories, universities, and 
equipment manufacturers to obtain any materials analysis in 
cases where instrumental capabilities are not available in our 
own facility. 


MICROBEAM LABORATORY 
I 1 


ELECTRON 

BEAM 


X-RAY 

ANALYSIS 



FIGURE 9. MICROBEAM LABORATORY 


CHEMISTRY LABORATORY 


I 1 1 1 

SPECTROSCOPY SEPARATION METHODS THERMAL ANALYSIS PHYSICAL TESTING 



FIGURE 10. CHEMISTRY LABORATORY 
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Reliability Fundamentals and Calculation 
of Failure Rate 

Table 9 defines some of the more important terminology used 
in describing the lifetime of integrated circuits. Of prime 
importance is the concept of “failure rate” and its calculation. 

Failure Rate Calculations 

Since reliability data can be accumulated from a number of 
different life tests with several different failure mechanisms, a 
comprehensive failure rate is desired. The failure rate 
calculation can be complicated if there are more than one 
failure mechanism in a life test, since the failure mechanisms 
are thermally activated at different rates The equation below 
accounts for these considerations along with a statistical 
factor to obtain the upper confidence level (UCL) for the 
resulting failure rate. 


, _ V I w M X lU 

x - L v. p 

U 1 I TDH j AF ii X x i 

L j=i J i=i 


where, 

X = failure rate in FITs (Number fails in 10 9 device hours) 
p = number of distinct possible failure mechanisms 
k = number of life tests being combined 

Xj = number of failures for a given failure mechanism 
i = 1, 2, ... (3 

TDH; = Total device hours of test time (unaccelerated) for Life Test 
j, j = 1,2, 3, ...k 

AFjj = Acceleration factor for appropriate failure mechanism i = 1 , 
2, ...k 

M= X 2 (0i 2r.2/2 
where, 

X 2 = chi square factor for 2r + 2 degrees of freedom 
r = total number of failures (L Xj) 
a = risk associated with UCL; 
i.e. a = (100-UCL(%))/100 

In the failure rate calculation, Acceleration Factors (AFjj) are 
used to derate the failure rate from the thermally accelerated 
life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
+55°C has been popular. Harris Semiconductor Reliability 
Reports will derate to +55°C and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 


Failure Rate A. 


FIT (Failure In Time) 


Device Hours 


MTTF (Mean Time To Failure) 


Confidence Level (or Limit) 


Acceleration Factor (AF) 


TABLE 9. FAILURE RATE PRIMER 


DEFINITIONS/DESCRIPTION 


Measure of failure per unit of time. The early life failure rate is typically higher, decreases slightly, 
and then becomes relatively constant over time. The onset of wear-out will show an increasing fail- 
ure rate, which should occur well beyond useful life. The useful life failure rate is based on the ex- 
ponential life distribution. 


Measure of failure rate in 10 9 device hours; e.g., 1 FIT = 1 failure in 10 9 device hours, 100 FITS = 
100 failure in 10 9 device hours, etc. 


The summation of the number of units in operation multiplied by the time of operation. 


Mean of the life distribution for the population of devices under operation or expected lifetime of an 
individual, MTTF = 1/A., which is the time where 63.2% of the population has failed. Example: For 
A = 10 FITS (or 10 E-9/Hr.), MTTF = 1/A. = 100 million hours. 


Probability level at which population failure rate estimates are derived from sample life test: 1 0 FITs 
at 95% UCL means that the population failure rate is estimated to be no more that 10 FITs with 95% 
certainty. The upper limit of the confidence interval is used. 


A constant derived from experimental data which relates the times to failure at two different stresses. 
The AF allows extrapolation of failure rates from accelerated test conditions to use conditions. 
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Acceleration Factors 

Acceleration factor is determined from the Arrhenius 
Equation. This equation is used to describe physiochemical 
reaction rates and has been found to be an appropriate model 
for expressing the thermal acceleration of semiconductor 
failure mechanisms. 


L k V T USE T STRESS'J 

where, 

AF = Acceleration Factor 
E a = Thermal Activation Energy (See Table 10) 
k = Boltzmann’s Constant (8.63 x 1 0’ 5 eV/°K) 

Both T use and T stress (in degrees Kelvin) include the internal 
temperature rise of the device and therefore represent the 
junction temperature. 


Activation Energy 

The Activation Energy (E a ) of a failure mechanism is 
determined by performing at least two tests at different levels 
of stress (temperature and/or voltage). The stresses will 
provide the time to failure (tf) for the two (or more) 
populations thus allowing the simultaneous solution for the 
activation energy as follows: 

In (t f1 ) = C + E a In (t f2 ) = C + E a 

kT-| kT 2 

By subtracting the two equations and solving for the activation 
energy, the following equation is obtained: 
k[ln(t f1 ) - In (t f2 ) ] 

E a = (1/T1 -1/T2) 

where, 

E a = Thermal Activation Energy (See Table 10) 
k = Boltzmann’s Constant (8.63 x 10* 5 eV/°K) 

Ti , T 2 = Life test temperatures in degrees Kelvin 


TABLE 10. FAILURE MECHANISM 


FAILURE 

MECHANISM 

ACTIVATION 

ENERGY 

SCREENING AND 

TESTING METHODOLOGY 

CONTROL METHODOLOGY 

Oxide Defects 

0.3eV - 0.5eV 

High temperature operating life (HTOL) and 
voltage stress. Defect density test vehicles. 

Statistical Process Control of oxide parameters, 
defect density control, and voltage stress testing. 

Silicon Defects 
(Bulk) 

0.3eV - 0.5eV 

HTOL and voltage stress screens. 

Vendor statistical Quality Control programs, and 
Statistical Process Control on thermal processes. 

Corrosion 

0.45eV 

Highly accelerated stress testing (HAST) 

Passivation dopant control, hermetic seal control, 
improved mold compounds, and product han- 
dling. 

Assembly 

Defects 

0.5eV - 0.7eV 

Temperature cycling, temperature and 
mechanical shock, and environmental 
stressing. 

Vendor Statistical Quality Control programs, 
Statistical Process Control of assembly process- 
es, proper handling methods. 

Electromigration 

- Al Line 

- Contact 

0.6eV 

0.9eV 

Test vehicle characterizations at highly 
elevated temperatures. 

Design ground rules, wafer process statistical 
process steps, photoresist, metals and 
passivation. 

Mask Defects/ 

Photoresist 

Defects 

0.7eV 

Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 
and HTOL. 

Clean room control, clean mask, pellicles, 
Statistical Process Control of photoresist/etch 
processes. 

Contamination 

I.OeV 

C-V stress at oxide/interconnect, wafer FAB 
device stress test and HTOL. 

Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 

Charge Injection 

1.3eV 

HTOL and oxide characterization. 

Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 
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Package Outlines 


Dual-ln-Line Plastic Packages (PDIP) 



SEATING ' 
PLANE " 




3.010 (0.25)@| C | A|b@] 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and |e A | are mea sured with the leads constrained to be per- 
pendicular to datum | -C- 1 . 

7. e B and e c are measured at the lead tips with the leads uncon- 
strained. e c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76- 1.14mm). 


E8.3 (JEDEC MS-001 -BA ISSUE D) 

8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

A 

" A1 

__ 

B 

’ ^ 

C 

_ ... 

’ D1 

E 

— 


INCHES | 

| MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

- 

0.39 

• 

0.115 

0.195 

2.93 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.070 

1.15 

1.77 

0.008 

0.014 

0.204 

0.355 

0.355 

0.400 

9.01 

10.16 

0.005 

- 

0.13 

- 

0.300 

0.325 

7.62 

8.25 

0.240 

0.280 

6.10 

7.11 


0.100 BSC 
0.300 BSC 
“ 0.430 

TTi o.i5o 


2.54 BSC 
7.62 BSC 
- 10.92 

K3 3.81 


Rev. 0 12/93 
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Package Outlines 


Dual-ln-Line Plastic Packages (PDIP) 



SEATING 

PLANE 




|0.010 (0-25)@| C | A|B0| 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1 , and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and [eX] are mea sured with the leads constrained to be per- 
pendicular to datum | -C- 1 . 

7. e B and e c are measured at the lead tips with the leads uncon- 
strained. e c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76- 1.14mm). 


El 4.3 (JEDEC MS-001 -AA ISSUE D) 

14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

A 

" A1 
A2 

” B ~ 
B1 
C 

” 5 

' DM 

- - 

El 


INCHES | 

j MILLIMETERS 

MIN | 

MAX | 

| MIN 

| MAX 

0.210 

5.33 

0.015 

0.39 

0.115 

0.195 

2.93 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.070 

1.15 

1.77 

0.008 

0.014 

0.204 

0.355 

0.735 

0.775 

18.66 

19.68 

0.005 | j 

1 013 1 

0.300 

0.325 

7.62 

8.25 

0.240 

0.280 

6.10 

7.11 

0.100 BSC 

2.54 BSC 

0.300 BSC 

7.62 BSC 

| 0.430 

| 10.92 

0.115 | 

0.150 

2.93 

| 3.81 


Rev. 0 12/93 



14-5 


PACKAGING 

INFORMATION 






Package Outlines 


Dual-In-Line Plastic Packages (PDIP) 



El 6.3 (JEDEC MS-001 -BB ISSUED) 

16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SEATING 

PLANE 




j 0.010 (0.25) ®|c| A|B@ 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and [eX] are mea sured with the leads constrained to be per- 
pendicular to datum | -C- 1 . 

7. e B and e c are measured at the lead tips with the leads uncon- 
strained. e c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

1 0. Corner leads (1 , N, N/2 and N/2 + 1 ) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76- 1.14mm). 


SYMBOL 

j INCHES | 

| MILLIMETERS 

1 MIN i 

MAX | 

| MIN 

| MAX 

A 

0.210 

5.33 

A1 

0.015 

0.39 

A2 

0.115 

0.195 

2.93 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.045 

0.070 

1.15 

1.77 

C 

0.008 

0.014 

0.204 

0.355 

D 

0.735 

0.775 

18.66 

19.68 

D1 

| 0.005 | - | 

1 013 1 - 

E 

0.300 

0.325 

7.62 

8.25 

El 

0.240 

0.280 

6.10 

7.11 

e 

0.100 BSC 

2.54 BSC 

e A 

0.300 BSC 

7.62 BSC 

eB 

| 0.430 

| 10.92 

L 

0.115 

0.150 

2.93 

| 3.81 


Rev. 0 12/93 


14-6 





Package Outlines 


Dual-ln-Line Plastic Packages (PDIP) 



SEATING 

PLANE 



E20.3 (JEDEC MS-001 -AD ISSUE D) 

20 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



■[ 0.010 (0.25)® | C | A | B@] 


1 . Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1 , and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and |e A | are mea sured with the leads constrained to be per- 
pendicular to datum | -C- 1 . 

7. e B and e c are measured at the lead tips with the leads uncon- 
strained. e c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76- 1.14mm). 


SYMBOL 

A 

' A1 
A2 
~ B 
' B1 
C 

“ 5 “ 

“ D1 
~ E " 
' El "* 


MIN 

MAX 

MIN 

- 

0.210 

- 

0.015 

- 

0.39 

0.115 

0.195 

2.93 

0.014 

0.022 

0.356 

0.045 

0.070 

1.55 

0.008 

0.014 

0.204 

0.980 

1.060 

24.89 

0.005 

- 

0.13 

0.300 

0.325 

7.62 

0.240 

0.280 

6.10 

0.100 BSC 

2.1 

0.300 BSC 

7.( 

- 

0.430 

- 

0.115 

0.150 

2.93 


MILLIMETERS 
MIN I MAX 


2 8.25 

5 7.11 

2.54 BSC 
7.62 BSC 
10.92 
r 3.8i 


Rev. 0 12/93 
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Package Outlines 


Dual-ln-Line Plastic Packages (PDIP) 



E22.4 (JEDEC MS-01 0-AA ISSUE C) 

22 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SEATING 

PLANE 




] O.OIO (0.25) (g)|c| Ale©] 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and [£a] are mea sured with the leads constrained to be per- 
pendicular to datum | -C-| . 

7. e B and e c are measured at the lead tips with the leads uncon- 
strained. e c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76- 1.14mm). 


SYMBOL 

A 

” A1 
" A2 
B 

‘ B1 
C 

~ 5 

D1 ™ 

- 

El 


MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

- 

0.39 

- 

0.125 

0.195 

3.18 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.065 

1.15 

1.65 

0.009 

0.015 

0.229 

0.381 

1.065 

1.120 

27.06 

28.44 

0.005 

- 

0.13 


0.390 

0.425 

9.91 

10.79 

0.330 

0.390 

8.39 

9.90 

0.100 BSC 

2.54 BSC 

0.400 BSC 

10.16 BSC 

| 0.500 

- 

12.70 

0.115 

0.160 

2.93 

4.06 


Rev. 0 12/93 
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Package Outlines 


DuaNn-Line Plastic Packages (PDIP) 



E24.3 (JEDEC MS-001 -AF ISSUE D) 

24 LEAD NARROW BODY DUAL-IN-LINE PLASTIC PACKAGE 


SEATING _l1, Jl, J“ 
PLANE 

D1-*J -- 

B1-J 




J.010 (0.25)@| C | A |B0 | 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1 , and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and |e A | are mea sured with the leads constrained to be per- 
pendicular to datum | -C- 1 . 

7. e B and e c are measured at the lead tips with the leads uncon- 
strained. e c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76- 1.14mm). 


SYMBOL 

| INCHES | 

] MILLIMETERS 

| MIN | 

MAX | 

| MIN 

| MAX 

A 

0.210 

5.33 

A1 

0.015 

0.39 

A2 

0.115 

0.195 

2.93 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.045 

0.070 

1.15 

1.77 

C 

0.008 

0.014 

0.204 

0.355 

D 

1.230 

1.280 

31.24 

32.51 

D1 

| 0.005 | | 

1 013 1 • 

E 

0.300 

0.325 

7.62 

8.25 

El 

0.240 

0.280 

6.10 

7.11 

e 

0.100 BSC 

2.54 BSC 

eA 

0.300 BSC 

7.62 BSC 

e B 

0.430 

10.92 


0.115 | 

0.150 

2.93 

1 381 


Rev. 0 12/93 
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Package Outlines 


Dual-ln-Line Plastic Packages (PDIP) 



SEATING 2^1 JIT 
PLANE P 

DIhJ 
B1-J L*- 



^ 0.010 (0.25) (g)| C | A | B@ 


i U — i 


E28.6 (JEDEC MS-01 1-AB ISSUE B) 

28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1 , and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and [£a] are mea sured with the leads constrained to be per- 
pendicular to datum | -C- 1 . 

7. e B and e c are measured at the lead tips with the leads uncon- 
strained. e c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 -1.14mm). 



| INCHES i 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.250 

- 

6.35 

A1 

0.015 

- 

0.39 

- 

A2 

0.125 

0.195 

3.18 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.030 

0.070 

0.77 

1.77 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.380 

1.565 

35.1 

39.7 

D1 

0.005 

- 

0.13 

- 

E 

0.600 

0.625 

15.24 

15.87 

El 

0.485 

0.580 

12.32 

14.73 

e 

0.100 BSC 

2.54 BSC 

eA 

0.600 BSC 

15.24 BSC 

e B 

| 0.700 

• 

17.78 

L 

0.115 

0.200 

2.93 

5.08 


Rev. 0 12/93 
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Package Outlines 


Dual-ln-Line Plastic Packages (PDIP) 



E40.6 (JEDEC MS-011 -AC ISSUE B) 

40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SEATING 

PLANE 




1 0.010 (0.25)(g)| C | A |B0 


1 . Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1 , and El dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and [e^] are mea sured with the leads constrained to be per- 
pendicular to datum | -C j . 

7. e B and e c are measured at the lead tips with the leads uncon- 
strained. e c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, El 6.3, El 8.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76- 1.14mm). 


SYMBOL 

| INCHES ] 

| MILLIMETERS 

1 MIN | 

MAX | 

| MIN 

| MAX 

A 

0.250 

6.35 

A1 

0.015 

0.39 

A2 

0.125 

0.195 

3.18 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.030 

0.070 

0.77 

1.77 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.980 

2.095 

50.3 

53.2 

D1 

| 0.005 | - | 

1 013 1 - 

E 

0.600 

0.625 

15.24 

15.87 

El 

0.485 

0.580 

12.32 

14.73 


0.100 BSC 
0.600 BSC 
~ 0.700 

7l5 0.200 


2.54 BSC 
15.24 BSC 
17.78 
2.93 5.08 

40 
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PACKAGING 

INFORMATION 






Package Outlines 


Small Outline Plastic Packages (SOIC) 



0 . 25 ( 0 . 010 ) ® 


SEATING PLANE - 


|J5L, 



'J. 

X 

1 1 0 . 10 ( 0 . 004 ) 



M8.15 (JEDEC MS-01 2-AA ISSUE C) 

8 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

A — 
A1 
B 

5 

5 

- 


MILLIMETERS 


H 

0.2284 

0.2440 

5.80 

6.20 

- 

h 

0.0099 

0.0196 

0.25 

0.50 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 


1 . Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension "E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.01 4 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch). 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 


Small Outline Plastic Packages (SOIC) 

■nnnn n n 

Kl AREA* (( T H 0.25(0.010)® | B® | 


SEATING PLANE - 


|J5L, 






X 

I 0.10(0.004) I 


\ 0.25(0.01 0)® C A® B( 


1 . Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch). 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


Ml 4.1 5 (JEDEC MS-01 2-AB ISSUE C) 

14 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL MIN MAX MIN MAX NOTES 

A 0.0532 0.0688 1 35 1.75 

A1 0.0040 0.0098 O10 025 - 

B 0.013 0.020 033 051 9 

C 0.0075 0.0098 019 025 - 

5 0.3367 0.3444 055 075 3 

E 0.1497 0.1574 080 4T)0 4 

e 0.050 BSC 1.27 BSC - 

H 0.2284 0.2440 080 6.20 - 

h 0.0099 0.0196 025 050 5 

L 0.016 0.050 040 ^27 6 

" N 14 14 7 " 

a 0° 8° 0° 8° - 

Rev. 0 12/93 


0.2284 

0.2440 

5.80 

6.20 

0.0099 

0.0196 

0.25 

0.50 

0.016 

0.050 

0.40 

1.27 

” 1 

1 '* 

0° 1 

8° 1 

1 0° 

1 8° 
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Package Outlines 


Small Outline Plastic Packages (SOIC) 


DilililiBilil 





\J±L d . 


SEATING PLANE - 

i / 



,-ijn 


Ml 6. 15 (JEDEC MS-01 2-AC ISSUE C) 

16 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 



X 

I 0.10(0.004) I 


\ 0.25(0.01 0) © C A © I B ( 


H 

0.2284 

0.2440 

5.80 

6.20 

- 

h 

0.0099 

0.0196 

0.25 

0.50 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 


1 . Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.01 4 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIM*ETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 


Small Outline Plastic Packages (SOIC) 



Ml 6.3 (JEDEC MS-013-AA ISSUE C) 

16 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


|J5Ld- 


SEATING PLANE - 
\ A — i / 





B— 3 

l 0.25(0.010) ( 


I 0 10(0.004) I 


1 . Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.01 0 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


SYMBOL 

A 

A1 

B 

C 

5 

- 

e 

H 

_ 

[ “ 
- 


INCHES ] 

| MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.0926 

0.1043 

2.35 

2.65 

0.0040 

0.0118 

0.10 

0.30 

0.013 

0.0200 

0.33 

0.51 

0.0091 

0.0125 

0.23 

0.32 

0.3977 

0.4133 

10.10 

10.50 

0.2914 

0.2992 

7.40 

7.60 


0.394 

0.419 

10.00 

10.65 

0.010 

0.029 

0.25 

0.75 

0.016 

0.050 

0.40 

1.27 

« 1 

1 

0° 

8“ 

1 0° 

1 8° 
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PACKAGING 

INFORMATION 






Package Outlines 


Small Outline Plastic Packages (SOIC) 


Pililili 



0.25(0.010) 


slSU 


Hr 

\ 0.25(0.010) ©I C I A© I B 



M20.3 (JEDEC MS-01 3-AC ISSUE C) 

20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


MILLIMETERS 



X 

0.10(0.004) I 


NOTES: 

1 . Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.01 4 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


0.0926 

0.1043 

0.0040 

0.0118 

0.013 

0.0200 

0.0091 

0.0125 

0.4961 

0.5118 

0.2914 

0.2992 

1 0.050 BSC 

0.394 

0.419 

0.010 

0.029 

0.016 

0.050 

1 20 1 

| 0° 

8° 


MIN 

MAX 

2.35 

2.65 

0.10 

0.30 

0.33 

0.51 

0.23 

0.32 

12.60 

13.00 

7.40 

7.60 

1.27 

BSC 

10.00 

10.65 

0.25 

0.75 

0.40 

1.27 

1 20 1 

l °°_ 

8° | 
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Package Outlines 


Small Outline Plastic Packages (SOIC) 



M24.3 (JEDEC MS-01 3-AD ISSUE C) 

24 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 




B— 9 

J 0.25(0.010) ( 


X 

I 0.10(0.004) I 


1 . Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.01 4 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


0.5985 

0.6141 

0.2914 

0.2992 

0.05 BSC 
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Package Outlines 


Small Outline Plastic Packages (SOIC) 



M28.3 (JEDEC MS-01 3-AE ISSUE C) 

28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 




1 . Symbols are defined in the “MO Series Symbol List" in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E" does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched.area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 


Power Small Outline Plastic Packages (PSOP) 


1 

INDEX / 
AREA \ 

' (i 

r 

h 


1 

Itzj 


|J±Lp- 


I M3 

B-i 

■j 0 25(0.010) ( 


40.25(0.010) ( 


SEATING PLANE - 


_^J |^e— h x 45° 

. 


I 0.10(0.004) I 


M20.3A 

20 LEAD POWER SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

A 

A1 “ 
B 
C 
D 
D1 
E 
El 


INCHES | 

| MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.0926 

0.1043 

2.35 

2.65 

0.0040 

0.0118 

0.10 

0.30 

0.013 

0.0200 

0.33 

0.51 

0.0091 

0.0125 

0.23 

0.32 

0.4961 

0.5118 

12.60 

13.00 

0.325 

0.340 

8.25 

8.63 

0.2914 

0.2992 

7.40 

7.60 

0.175 

0.190 

4.44 

4.82 


H 

0.394 

0.419 

10.00 

10.65 

- 

h 

0.010 

0.029 

0.25 

0.75 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 



POWER SOP PACKAGE 

(HEAT SLUG SURFACE IS ELECTRICALLY FLOATING) 


1 . Symbols are defined in the “MO Series Symbol Lisf in Section 2.2 
of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

1 0. Exposed copper heat slug flush with top surface of package. All 
other dimensions conform to JEDEC MS-01 3AC Issue C. 

11. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 





0.10(0.004) 


1 . Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.20mm (0.0078 inch) per side. 

4. Dimension “E" does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.20mm (0.0078 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N” is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. Dimension “B” does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.13mm (0.005 inch) total in excess 
of “B” dimension at maximum material condition. 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 


Shrink Small Outline Plastic Packages (SSOP) 





GAUGE 

PLANE 

er 

i 

LJl 

J ) 

A 

1 

^ 1 






SEATING PLANE - 

J A | / 




B— s 

■1 0.25(0.010) ( 


X 

I 0.10(0.004) 


M28.209 (JEDEC MO-150-AH ISSUE B) 

28 LEAD SHRINK SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 

A 

" A1 
A2 

"" Q ~ 

C 

“ 5 “ 

E 


INCHES j 

| MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.078 

- 

2.00 

0.002 

- 

0.05 

- 

0.065 

0.072 

1.65 

1.85 

0.009 

0.014 

0.22 

0.38 

0.004 

0.009 

0.09 

0.25 

0.390 

0.413 

9.90 

10.50 

0.197 

0.220 

5.00 

5.60 


1 . Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.20mm (0.0078 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.20mm (0.0078 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. “L” is the length of terminal for soldering to a substrate. 

7. “N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. Dimension “B” does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.13mm (0.005 inch) total in excess 
of “B” dimension at maximum material condition. 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 


Plastic Leaded Chip Carrier Packages (PLCC) 


0.042 (1.07) 

0.048 (1.22) 

L PIN (1) IDENTIFIER 

h*- 1 ~nr 


0.042 (1.07) 
0.056 (1.42) 
0.050 (1.27) TP 1 


Ch\ 0.004(0.10) | C 
n 025 (0.64) 


N28.45 (JEDEC MS-01 8AB ISSUE A) 

28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 





0.020 (0.51) MAX 
3PLCS 


(E2 

- VIEW “A” 


0.020 (0.51) 
MIN 


SEATING 

PLANE 


0.026 (0.66) 
0.032 (0.81) 


0.045 (1.14). 
MIN 


0.013(0.33) 
^0.021 (0.53) 

1 ^"^0.025 (0.64) 
MIN 


VIEW “A” TYP. 

NOTES: 

1 . Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and tolerancing per ANSI Y14.5M-1982. 

3. Dimensions D1 and El do not include mold protrusions. Allow- 
able mold protrusion is 0.010 inch (0.25mm) per side. 

4. To be measured at seating plane | -C- ] contact point. 

5. Centerline to be determined where center leads exit plastic body. 

6. “N” is the number of terminal positions. 



| INCHES 1 

1 MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

0.165 

0.180 

4.20 

4.57 

A1 

0.090 

0.120 

2.29 

3.04 

D 

0.485 

0.495 

12.32 

12.57 

D1 

0.450 

0.456 

11.43 

11.58 

D2 

0.191 

0.219 

4.86 

5.56 

E 

0.485 

0.495 

12.32 

12.57 

El 

0.450 

0.456 

11.43 

11.58 

E2 

0.191 

0.219 

4.86 

5.56 


3 

4,5 

6 
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Package Outlines 


Plastic Leaded Chip Carrier Packages (PLCC) 

Si SSS 83 ^,04(0,0)10 1 ^ 

PIN (1 , IDENTIFIER 05fl ^ 27) T p I 0.025 (0,4, „ “ 

u.1^- nr Lu. 0.045 (1.14, 


0.050 (1.27) TP 


y — 



u 

c 

c 

r 1 

) 

L 1 

[ 

[ 

c 

c 

c 

U 



N84.1.15 (JEDEC MS-01 8AF ISSUE A) 

84 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 





0.020 (0.51) MAX 
3PLCS 


D2/E2 

k-l— VIEW “A” 


0.020 (0.51) 
‘ MIN 


1 SEATING 
J PLANE 


0.026 (0.66) 
0.032 (0.81) 


0.045 (1.14) . 
MIN 


0.013(0.33) 
i 0.021 (0.53) 
=1~T~ 

I 0.025 (0.64) 


VIEW “A” TYP. 

NOTES: 

1 . Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and tolerancing per ANSI Y14.5M-1982. 

3. Dimensions D1 and El do not include mold protrusions. Allow- 
able mold protrusion is 0.010 inch (0.25mm) per side. 

4. To be measured at seating plane | -C- 1 contact point. 

5. Centerline to be determined where center leads exit plastic body. 

6. “N” is the number of terminal positions. 



| INCHES | 

| MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A | 

0.165 

0.180 

4.20 

4.57 

A1 

0.090 

0.120 

2.29 

3.04 

D 

1.185 

1.195 

30.10 

30.35 

D1 

1.150 

1.158 

29.21 

29.41 

D2 

0.541 

0.569 

13.75 

14.45 

E 

1.185 

1.195 

30.10 

30.35 

El 

1.150 

1.158 

29.21 

29.41 

E2 

0.541 

0.569 

13.75 

14.45 


3 

475 

6 
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Package Outlines 


Metric Plastic Quad Flatpack Packages (MQFP) 



Q32.7X7-S 

32 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 



1 INCHES | 

| MILLIMETERS | 


MBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

"a 

0.054 

0.072 

1.35 

1.85 

- 

A1 

0.000 

0.011 

0.00 

0.30 

- 

B 

0.008 

0.017 

0.20 

0.45 

5 

D 

0.347 

0.362 

8.80 

9.20 

2 

D1 

0.272 

0.287 

6.90 

7.30 

3, 4 

E 

0.347 

0.362 

8.80 

9.20 

2 

El 

0.272 

0.287 

6.90 

7.30 

3, 4 

L 

0.012 

0.027 

0.30 

0.70 

- 


32 

0.032 BSC 


32 

0.80 BSC 




SEATING 

PLANE 



0.077/0.227 

0.003/0.009 


1. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 

2. Dimensions D and E to be determined at seating plane | -C- . 

3. Dimensions D1 and El to be determined at datum plane | -H- . 

4. Dimensions D1 and El do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. “N” is the number of terminal positions. 
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Package Outlines 


Metric Plastic Quad Flatpack Packages (MQFP) 



0.40 

0.016 


<5° 

-16° 

^ E 

0° MIN 1 f 

v 

r 

T 

i a? m 

o°-7° , ir 

lJl 

1 

□ 

1 1 


^ 5 ° 

-16° t 



SEATING 

PLANE 



0 . 13 / 0.17 
0 . 005 / 0 . 00 ] 


BASE METAL 
WITH PLATING 



Q44.10X10 (JEDEC MO-108AA-2 ISSUE A) 

44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 



| INCHES 1 

| MILLIMETERS ] 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

- 

0.093 

- 

2.35 

- 

A1 

0.004 

0.010 

0.10 

0.25 

- 

A2 

0.077 

0.083 

1.95 

2.10 

- 

B 

0.012 

0.018 

0.30 

0.45 

6 

B1 

0.012 

0.016 

0.30 

0.40 

- 

D 

0.510 

0.530 

12.95 

13.45 

3 

D1 

0.390 

0.398 

9.90 

10.10 

4,5 

E 

0.510 

0.530 

12.95 

13.45 

3 

El 

0.390 

0.398 

9.90 

10.10 

4,5 

L 

0.026 

0.037 

0.65 

0.95 

- 


44 

0.032 BSC 


44 

0.80 BSC 


1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane -C- . 

4. Dimensions D1 and El to be determined at datum plane -H- . 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. “N” is the number of terminal positions. 


0 . 13 / 0.23 

0 . 005 / 0.009 
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Package Outlines 


Metric Plastic Quad Flatpack Packages (MQFP) 



Q48.7X7-S 

48 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 


MILLIMETERS 




0.056 

0.066 

0.000 

0.007 

0.006 

0.010 

0.347 

0.362 

0.272 

0.279 

0.347 

0.362 

0.272 

0.279 

0.012 

0.027 

| 48 

1 0.020 

> BSC 


MIN 

MAX 

1.40 

1.70 

0.00 

0.20 

0.15 

0.26 

8.80 

9.20 

6.90 

7.10 

8.80 

9.20 

6.90 

7.10 

0.30 

0.70 

48 | 

0.50C 

(BSC | 




SEATING 

PLANE 



0 . 107 / 0.177 

0 . 004 / 0.007 


1. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 

2. Dimensions D and E to be determined at seating plane | -C- 1 . 

3. Dimensions D1 and El to be determined at datum plane |-H-| . 

4. Dimensions D1 and El do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. “N” is the number of terminal positions. 
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Package Outlines 


Metric Plastic Quad Flatpack Packages (MQFP) 



Q64.14X20-S 

64 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 



| INCHES j 

| MILLIMETERS | 


rMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.103 

0.122 

2.60 

3.10 

- 

A1 

0.002 

0.011 

0.05 

0.30 

- 

B 

0.012 

0.021 

0.30 

0.55 

5 

D 

0.926 

0.956 

23.50 

24.30 

2 

D1 

0.784 

0.803 

19.90 

20.40 

3,4 

E 

0.689 

0.720 

17.50 

18.30 

2 

El 

0.548 

0.566 

13.90 

14.40 

3,4 

L 

0.024 

0.039 

0.60 

1.00 

- 

N 

64 

64 

6 

e 

0.039 BSC 

1.00 BSC 

- 




SEATING 

PLANE 



r 


0.15 




0.006 


-c- 



0.100/0.250 

0.004/0.010 


1 . Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 

2. Dimensions D and E to be determined at seating plane | -C- 1 . 

3. Dimensions D1 and El to be determined at datum plane |-H-| . 

4. Dimensions D1 and El do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. “N” is the number of terminal positions. 
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Package Outlines 


Metric Plastic Quad Flatpack Packages (MQFP) 



Q1 00.14x20 (JEDEC MO-108CC-1 ISSUE A) 

100 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 


iililililililHililililij 


SEATING 

PLANE 



| INCHES 1 

| MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.134 


3.40 

A1 

0.010 

- 

0.25 

- 

A2 

0.100 

0.120 

2.55 

3.05 

B 

0.009 

0.015 

0.22 

0.38 

B1 

0.009 

0.013 

0.22 

0.33 

D 

0.904 

0.923 

22.95 

23.45 

D1 

0.783 

0.791 

19.90 

20.10 

E 

0.667 

0.687 

16.95 

17.45 

El 

0.547 

0.555 

13.90 

14.10 

L 

0.026 

0.037 

0.65 

0.95 

N 

100 

100 

e 

0.026 BSC 

0.65 BSC 


IT 

: a2 A1 

i 1 I 


^•1(OT5®1 C | A ‘ B ( 


0.13/0.17 

0.005/0.001 


BASE METAL u 
WITH PLATING 



0.13/0.23 

0.005/0.009 


1 . Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane -C- . 

4. Dimensions D1 and El to be determined at datum plane -H- . 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side, 

6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. “N” is the number of terminal positions. 
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Package Outlines 


Ceramic Dual-ln-Line Frit Seal Packages (CerDIP) 

cl LEAD FINISH F8.3A 



fobb©|C|A-B©|D( 
D *4 


s BASE s (c) 
s METAL v (c) 

'-t — bl — If 
M-^j 

SECTION A-A 


SEATING V-h H H 
PLANE 

81 J t 

b2-*A U- 



jlEli A 




1 . Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1 , N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 


F8.3A MIL-STD-1835 GDIP1-T8 
8 LEAD CERAMIC DUAL-IN-LINE 


SYMBOL 

b 

" bl ' 

~ b2 
~ b3 
c 
cl 

~ 5 

~ E ~ 

e 


eA 


eA/2 



L 

~ Q ' 

“ SI 

a 

aaa 

' bbb ’ 

ccc 

“ M 

“ N ” 


(D-4, CONFIGURATION A) 
FRIT SEAL PACKAGE 


INCHES | 

| MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.200 

- 

5.08 

0.014 

0.026 

0.36 

0.66 

0.014 

0.023 

0.36 

0.58 

0.045 

0.065 

1.14 

1.65 

0.023 

0.045 

0.58 

1.14 

0.008 

0.018 

0.20 

0.46 

0.008 

0.015 

0.20 

0.38 

• 

0.405 

- 

10.29 

0.220 

0.310 

5.59 

7.87 


0.100 BSC 


0.300 BSC 


0.150 BSC 


2.54 BSC 


7.62 BSC 


3.81 BSC 


2,3 

8 

Rev. 0 4/94 
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Package Outlines 


Ceramic Dual-ln-Line Frit Seal Packages (CerDIP) 




FI 4.3 MIL-STD-1835 GDIP1-T14 (D-1, CONFIGURATION A) 
14 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE) 


|C|A-B©|D©j 

-D 


H — (*» — * 

SECTION A-A 


SEATING 

PLANE 



SYMBOL 

A 

~ b 

b2 

b3 




1 . Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1 , N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 


INCHES 1 

( MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.200 

- 

5.08 

0.014 

0.026 

0.36 

0.66 

0.014 

0.023 

0.36 

0.58 

0.045 

0.065 

1.14 

1.65 

0.023 

0.045 

0.58 

1.14 

0.008 

0.018 

0.20 

0.46 

0.008 

0.015 

0.20 

0.38 


0.785 

- 

19.94 

0.220 

0.310 

5.59 

7.87 


0.100 BSC 
0.300 BSC 


0.150 BSC 


2.54 BSC 
7.62 BSC 


3.81 BSC 


L 

0.125 

0.200 

3.18 

5.08 

Q 

0.015 

0.060 

0.38 

1.52 

SI 

0.005 

- 

0.13 

- 

a 

CD 

O 

o 

105° 

90° 

105° 

aaa 

- 

0.015 

- 

0.38 

bbb 

- 

0.030 

- 

0.76 

ccc 

- 

0.010 

- 

0.25 

M 

. 

0.0015 

- 

0.038 


1 2,3 

Rev. 0 4/94 
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Package Outlines 


Ceramic Duai-in-Line Frit Seal Packages (CerDIP) 

cl LEAD FINISH FI 6.3 

ran ran I / i 


m -D. 


FI 6.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


H|bbb@|C|A-B®|D( 

D 


I ' BASE S (cl 
is METAL » 

yt bl— 

M 

SECTION A-A 


SEATING V-LI K}- 
PLANE p 

81 J f 

b2 — =►! U- 


]j±l? A 



SYMBOL 

A 

- 

: bl 

D2 

" b3 ' 

c 

cl 

- 


ICE 




1 . Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 


INCHES | 

| MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.200 

- 

5.08 

0.014 

0.026 

0.36 

0.66 

0.014 

0.023 

0.36 

0.58 

0.045 

0.065 

1.14 

1.65 

0.023 

0.045 

0.58 

1.14 

0.008 

0.018 

0.20 

0.46 

0.008 

0.015 

0.20 

0.38 

- 

0.840 

- 

21.34 

0.220 

0.310 

5.59 

7.87 


0.100 BSC 
0.300 BSC 


0.150 BSC 


2.54 BSC 
7.62 BSC 


3.81 BSC 


0.125 

0.200 

3.18 

5.08 

0.015 

0.060 

0.38 

1.52 

0.005 

* 

0.13 

- 

CD 

O 

o 

105° 

90° 

105° 

- 

0.015 

- 

0.38 

- 

0.030 

- 

0.76 

- 

0.010 

- 

0.25 

- 

0.0015 

- 

0.038 


1 2,3 

Rev. 0 4/94 
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Package Outlines 


Ceramic Dual-ln-Line Frit Seal Packages (CerDIP) 


cl LEAD FINISH 



1 . Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


F20.3 MIL-STD-1835 GDIP1-T20 (D-8, CONFIGURATION A) 
20 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

- 

0.200 

- 

5.08 

- 

b 

0.014 

0.026 

0.36 

0.66 

2 

bl 

0.014 

0.023 

0.36 

0.58 

3 

b2 

0.045 

0.065 

1.14 

1.65 

- 

b3 

0.023 

0.045 

0.58 

1.14 

4 

c 

0.008 

0.018 

0.20 

0.46 

2 

cl 

0.008 

0.015 

0.20 

0.38 

3 

D 

- 

1.060 

- 

26.92 

5 

E 

0.220 

0.310 

5.59 

7.87 

5 

e 

0.100 BSC 

2.54 BSC 

- 

eA 

0.300 BSC 

7.62 BSC 

- 

eA/2 

0.150 BSC 

3.81 BSC 

- 

L 

0.125 

0.200 

3.18 

5.08 

- 

Q 

0.015 

0.070 

0.38 

1.78 

6 

SI 

0.005 

! 

0.13 

- 

7 

a 

90° 

105° 

90° 

105° 

- 

aaa 

- 

0.015 

- 

0.38 

- 

bbb 

- 

0.030 

- 

0.76 

- 

ccc 

- 

0.010 

- 

0.25 

- 

M 

- 

0.0015 

- 

0.038 

2,3 

N 

I “ 

20 

8 


Rev. 0 4/94 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension SI at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 





Package Outlines 


Ceramic Pin Grid Array Packages (CPGA) 
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H r c H rjs] 

- INDEX CORNER 


INDEX CORNER 
SEE NOTE 9 




SECTION B-B 


SEATING PLANE 
/AT STANDOFF 



SECTION A-A 


✓k 

00.030© C 


00.010© C 


G84.A MIL-STD-1 835 CMGA3-P84C (P-AC) 

84 LEAD CERAMIC PIN GRID ARRAY PACKAGE 


MILLIMETERS 



SYMBOL 

A 

A1 " 
b 

" bi 

b2 


C 


D 


D1 


E 


El 


e 


MIN 

MAX 

0.215 

0.345 

0.070 

0.145 

0.016 

0.0215 

0.016 

0.020 

0.042 

0.058 

- 

0.080 

1.140 

1.180 

1.00C 

) BSC 

1.140 

| 1.180 

1.00C 

) BSC 

0.10C 

) BSC 

o.ooe 

1 REF 

0.120 

0.140 

0.040 

0.060 


28.96 | 

| 29.97 

25.4 

BSC 

28.96 

29.97 

25.4 

BSC 

2.54 

BSC 

0.20 

REF 

3.05 

3.56 

1.02 

1.52 


0.000 BSC 
0.003 | _ 

11 

- I T21 


0.00 BSC 
0.08 

11 

~r~] 12 T 


Rev. 1 6/28/95 


1. “M” represents the maximum pin matrix size. 

2. “N” represents the maximum allowable number of pins. Number 
of pins and location of pins within the matrix is shown on the 
pinout listing in this data sheet. 

3. Dimension “A1 ” includes the package body and Lid for both cav- 
ity-up and cavity-down configurations. This package is cavity up. 
Dimension “A1” does not include heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shall be located on the pin matrix di- 
agonals. The seating plane is defined by the standoffs at dimen- 
sions Q. 

5. Dimension “Q” applies to cavity-up configurations only. 

6. All pins shall be on the 0.100 inch grid. 

7. Datum C is the plane of pin to package interface for both cavity 
up and down configurations. 

8. Pin diameter includes solder dip or custom finishes. Pin tips shall 
have a radius or chamfer. 

9. Corner shape (chamfer, notch, radius, etc.) may vary from that 
shown on the drawing. The index corner shall be clearly unique. 

10. Dimension “S” is measured with respect to datums A and B. 

11 . Dimensioning and tolerancing per ANSI Y14.5M-1982. 

12. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Dual-ln-Line Metal Seal Packages (SBDIP) 


l±l 

]bbb©|c|A-B@|p(1 
h* D— H 


Cl LEAD FINISH 


f t U— bi— T 
M I 

^ (b) 

SECTION A-A 


SEATING H r 
PLANE If 

S1-J -- 

b2-J U- 


± 1 


A 

□ 

h 

4 

1 l 


D40.6 MIL-STD-1835 CDIP2-T40 (D-5, CONFIGURATION C) 
40 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


SYMBOL 

~ 

... - 
bi 

b2 

b3 

c 

cl 

5 

E 




1 . Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions bi and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. Dimension Q shall be measured from the seating plane to the 
base plane. 

6. Measure dimension SI at all four corners. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

1 1 . Controlling dimension: INCH. 


INCHES J 

| MILLIMETERS 

MIN 

MAX 

| MIN | 

| MAX 

- 

0.225 

1 ' 1 572 

0.014 

0.026 

0.36 

0.66 

0.014 

0.023 

0.36 

0.58 

0.045 

0.065 

1.14 

1.65 

0.023 

0.045 

0.58 

1.14 

0.008 

0.018 

0.20 

0.46 

0.008 

0.015 

0.20 

0.38 

- 

2.096 

- 

53.24 

0.510 

0.620 

12.95 

15.75 


0.100 BSC 
0.600 BSC 


0.300 BSC 


0.125 

0.200 

3.18 

0.015 

0.070 

0.38 

0.005 

- 

0.13 

0.005 

- 

0.13 

CO 

o 

o 

105° 

90° 


0.015 

- 

0.030 

- 

0.010 

- 

- 

0.0015 

- 


2.54 BSC 
15.24 BSC 


7.62 BSC 
8 I 5.08 
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AnswerEAX 1 5 


HOW TO USE HARRIS AnswerFAX 


What is AnswerFAX? 

AnswerFAX is Harris' automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 

• • • 

What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 

• • • 

How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You’ll have the information you need in minutes. The chart on the next page shows you how. 

• • • 

How do I find out the order number for the publications I want? 

The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are nine catalogs: 

• New Products • Digital Signal Processing (DSP) Products • Rad Hard Products 

• Linear/Telecom Products • Discrete & Intelligent Power Products • CMOS Logic Products 

• Data Acquisition Products • Microprocessor Products • Application Notes 

Once they’re faxed to you, you can call back and order the publications themselves by number. 

• • • 

How do I start? 

Dial 407-724-7800. That’s it. 



Please refer to next page for a map to AnswerFAX. 
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HARRIS 

SEMICONDUCTOR 


ANSWER 


ESI 


A complete AnswerFAX catalog listing is available, 

please call 1 -800-442-7747 and request document BR-057 (84 pages) 
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Harris AnswerFAX Data Book Request Form - Document #199 

Data Books Available Now 


I 


I 


PUB. 

NUMBER 

DATA BOOK/DESCRIPTION 

7004 

Complete Set of Commercial Harris Data Books 

7005 

Complete Set of Commercial and Military Harris Data Books 

DB223B 

POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power 
MOSFETs (the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic- 
level power MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened 
power MOSFETs. 

DB235B 

RADIATION HARDENED (1993: 2,232pp) Harris technologies used include dielectric isolation (Dl), Silicon-on-Sapphire 
(SOS), and Silicon-on-lnsulator (SOI). The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ 
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog 
switches, gate arrays, standard cells and custom devices. 

DB260.2 

CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books 
under the Harris, GE, RCA or Intersil names. 

DB301B 

DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D converters (display, integrating, successive 
approximation, flash); D/A converters, switches, multiplexers, and other products. 

DB302B 

DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, 
signal synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 

DB303 

MICROPROCESSOR PRODUCTS (1992: 1 ,1 56pp) For commercial and military applications. Product specifications on 
CMOS microprocessors, peripherals, data communications, and memory ICs. 

DB304.1 

INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, 
application notes with design details for specific applications of Harris products, and a description of the Harris quality and 
high reliability program. 

DB309.1 

MCT/IGBT/DIODES (1995: 706pp) This MCT/IGBT/Diodes Databook represents the full line of these products made by 
Harris Semiconductor Discrete Power Products for commercial applications. 

DB314 

SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris 
Semiconductor Data Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for 
commercial applications. 

DB450.4 

TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. 
Also, general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and 
Principles,” “Suppression - Automotive Transients.” 

DB500B 

LINEAR AND TELECOM ICs (1993: 1,312pp) Product specifications for: op amps, comparators, S/H amps, differential 
amps, arrays, special analog circuits, telecom ICs, and power processing circuits. 

Digital 

Military 

DIGITAL MILITARY (1989: 680pp) Harris CMOS digital ICs - microprocessors, peripherals, data communications and 
memory - are included in this data book. 

Analog 

Military 

ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and 
Telecommunications circuits. 

DB312 

ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with 
the 1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris 
Semiconductor Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and 
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiation 
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 

PSG201.22 

PRODUCT SELECTION GUIDE (1995: 816pp) Key product information on all Harris Semiconductor devices. Sectioned 
(Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and 
Hi-Rel/Military and Rad Hard) for easy use and includes cross references and alphanumeric part number index. 

SGI 03 

CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It 
covers Harris’ High Speed CMOS Logic HC/HCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS 
Logic CD4000B Series. 
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APPLICATION NOTE LISTING 


AnswerFAX 

DOCUMENT 

APPLICATION 


NUMBER 

NOTE 

TITLE 

DATA ACQUISITION 

9001 

AN001 

Glossary of Data Conversion Terms (6 pages) 

9002 

AN002 

Principles of Data Acquisition and Conversion (20 pages) 

9004 

AN004 

The IH5009 Analog Switch Series (9 pages) 

9009 

AN009 

Pick Sample-Holds by Accuracy and Speed and Keep Hold Capacitors in Mind (7 pages) 

9012 

AN012 

Switching Signals with Semiconductors (4 pages) 

9016 

AN016 

Selecting A/D Converters (7 pages) 

9017 

AN017 

The Integrating A/D Converter (5 pages) 

9018 

AN018 

Do's and Don'ts of Applying A/D Converters (4 pages) 

9020 

AN020 

A Cookbook Approach to High Speed Data Acquisition and Microprocessor Interfacing (23 pages) 

9023 

AN023 

Low Cost Digital Panel Meter Designs (5 pages) 

9028 

AN028 

Build an Auto-Ranging DMM with the ICL7103A/8052A A/D Converter Pair (6 pages) 

9030 

AN030 

ICL7104: A Binary Output A/D Converter for Microprocessors (16 pages) 

9032 

AN032 

Understanding the Auto-Zero and Common Mode Performance of the ICL7 106/71 07/71 09 Family 
(8 pages) 

9042 

AN042 

Interpretation of Data Converter Accuracy Specifications (1 1 pages) 

9043 

AN043 

Video Analog-to-Digital Conversion (6 pages) 

9046 

AN046 

Building a Battery Operated Auto Ranging DVM with the ICL7106 (5 pages) 

9047 

AN047 

Games People Play with Intersil’s A/D Converter’s (27 pages) 

9048 

AN048 

Know Your Converter Codes (5 pages) 

9049 

AN049 

Applying the 7109 A/D Converter (5 pages) 

9051 

AN051 

Principles and Applications of the ICL7660 CMOS Voltage Converter (9 pages) 

9052 

AN052 

Tips for Using Single Chip 3.5 Digit A/D Converters (9 pages) 

9054 

AN054 

Display Driver Family Combines Convenience of Use with Microprocessor Interfaceability 
(18 pages) 

9059 

AN059 

Digital Panel Meter Experiments for the Hobbyist (7 pages) 

9517 

AN517 

Applications of Monolithic Sample and Hold Amplifier (5 pages) 

9520 

AN520 

CMOS Analog Multiplexers and Switches; Applications Considerations (9 pages) 

9521 

AN521 

Getting the Most Out of CMOS Devices for Analog Switching Jobs (7 pages) 

9522 

AN522 

Digital to Analog Converter Terminology (3 pages) 

9524 

AN524 

Digital to Analog Converter High Speed ADC Applications (3 pages) 

9531 

AN531 

Analog Switch Applications in A/D Data Conversion Systems (4 pages) 

9532 

AN532 

Common Questions Concerning CMOS Analog Switches (4 pages) 

9534 

AN534 

Additional Information on the HI-300 Series Switch (5 pages) 

9535 

AN535 

Design Considerations for A Data Acquisition System (DAS) (7 pages) 

9538 

AN538 

Monolithic Sample/Hold Combines Speed and Precision (6 pages) 

9539 

AN539 

A Monolithic 16-Bit D/A Converter (5 pages) 

9543 

AN543 

New High Speed Switch Offers Sub-50ns Switching Times (7 pages) 

9557 

AN557 

Recommended Test Procedures for Analog Switches (6 pages) 


NOTE: Bold Type Designates Application Notes related to Signal Processing New Releases data book. 
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APPLICATION NOTE LISTING (Continued) 


AnswerFAX 

DOCUMENT 

NUMBER 

APPLICATION 

NOTE 

TITLE 

9559 

AN559 

HI-222 Video/HF Switch Optimizes Key Parameters (7 pages) 

98759 

AN8759 

Low Cost Data Acquisition System Features SPI A/D Converter (9 pages) 

99203 

AN9203 

Using the HI5800 Evaluation Board (13 pages) 

99213 

AN9213 

Advantages and Application of Display Integrating A/D Converters (6 pages) 

99214 

AN9214 

Using Harris High Speed A/D Converters (10 pages) 

99215 

AN9215 

Using the HI-5700 Evaluation Board (7 pages) 

99216 

AN9216 

Using the HI5701 Evaluation Board (8 pages) 

99309 

AN9309 

Using the HI5800/HI5801 Evaluation Board (8 pages) 

99313 

AN9313 

Circuit Considerations in Imaging Applications (8 pages) 

99316 

AN9316 

Power Supply Considerations for the HI-222 High Frequency Video Switch (2 pages) 

99326 

AN9326 

A Complete Analog-to-Digital Converter Operating from a Single 3.3V Power Supply 
(4 pages) 

99328 

AN9328 

Using the Hill 66 Evaluation Board (9 pages) 

99329 

AN9329 

Using the HI1176/HI11 71 Evaluation Board (5 pages) 

99330 

AN9330 

Using the HI1396 Evaluation Board (9 pages) 

99331 

AN9331 

Using the HI1175 Evaluation Board (10 pages) 

99332 

AN9332 

Using the HI1276 Evaluation Board (10 pages) 

99333 

AN9333 

Using the HI1386 Adapter Board (2 pages) 

99336 

AN9336 

Multi-Meter Display Converter Eases DMM Design (6 pages) 

99337 

AN9337 

Reduce CMOS-Multiplexer Troubles Through Proper Device Selection (6 pages) 

99402 

AN9402 

Keeping the HI-0201 Switch Closed When Removing the V+ Supply (1 pages) 

99406 

AN9406 

Using the HI20201/03 Evaluation Kit (11 pages) 

99407 

AN9407 

Using the HI1176/HI1179 Evaluation Board (13 pages) 

99410 

AN9410 

Using The HI5721 Evaluation Module (11 pages) AN9410.1 

99411 

AN9411 

Using the HI1171 Evaluation Kit (6 pages) 

99412 

AN9412 

Using the HI5702 Evaluation Board (16 pages) AN9412.2 

99413 

AN9413 

Driving the Analog Input of the HI5702 (3 pages) 

99419 

AN9419 

Using the DAC Reconstruct Board (8 pages) 

99501 

AN9501 

Understanding the HI5721 D/A Converter Spectral Specifications (3 pages) AN9501.1 

99504 

AN9504 

A Brief Introduction to Sigma Delta Conversion (7 pages) AN9504 

99505 

AN9505 

Using the HI7190 Evaluation Kit (11 pages) 

99509 

AN9509 

Digital IF Sub Sampling Using the HI5702, HSP451 16 and HSP43220 (5 pages) AN99509.1 

99511 

AN9511 

Using the HI5710 Evaluation Board 

| DIGITAL SIGNAL PROCESSING | 

9113 

AN113 

Some Applications of Digital Signal Processing Techniques to Digital Video (5 pages) 

9114 

AN114 

Real-Time Two-Dimensional Spatial Filtering with the Harris Digital Filter Family (43 pages) 

9115 

AN115 

Digital Filter (DF) Family Overview (6 pages) 

9116 

AN116 

Extended Digital Filter Configurations (10 pages) 

99102 

AN9102 

Noise Aspects of Applying Advanced CMOS Semiconductors (9 pages) 


NOTE: Bold Type Designates Application Notes related to Signal Processing New Releases data book. 
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APPLICATION NOTE LISTING (Continued) 


AnswerFAX 

DOCUMENT 

NUMBER 

APPLICATION 

NOTE 

TITLE 

99403 

AN9403 

Predicting Data Throughput in the Harris HSP43220 (5 pages) 

99205 

AN9205 

Timing Relationships for HSP45240 (2 pages) 

99206 

AN9206 

Correlating on Extended Data Lengths (2 pages) 

99207 

AN9207 

Temperature Considerations (2 pages) 

99401 

AN9401 

Reducing the Minimum Decimation Rate of the HSP50016 Digital Down Converter (10 pages) 

99418 

AN9418 

HSP43168 Configured to Perform Complex Filtering (5 pages) 

99509 

AN9509 

Digital IF Sub Sampling Using the HI5702, HSP451 16 and HSP43220 (5 pages) AN99509.1 

LINEAR AND TELECOM 

9007 

AN007 

Using the 8048/8049 Log/Antilog Amplifier (6 pages) 

9013 

AN013 

Everything You Always Wanted to Know About the ICL8038 (4 pages) 

9040 

AN040 

Using the ICL801 3 Four Quadrant Analog Multiplier (6 pages) 

9053 

AN053 

The ICL7650 A New Era in Glitch-Free Chopper Stabilized Amplifiers (19 pages) 

9509 

AN509 

A Simple Comparator Using the HA-2620 (1 page) 

9514 

AN514 

The HA-2400 PRAM Four Channel Operational Amplifier (7 pages) 

9515 

AN515 

Operational Amplifier Stability: Input Capacitance Considerations (2 pages) 

9519 

AN519 

Operational Amplifier Noise Prediction (4 pages) 

9525 

AN525 

HA-5190/5195 Fast Settling Operational Amplifier (4 pages) 

9526 

AN526 

Video Applications for the HA-5190/5195 (5 pages) 

9540 

AN540 

HA-5170 Precision Low Noise JFET Input Operational Amplifier (4 pages) 

9541 

AN541 

Using HA-2539 or HA-2540 Very High Slew Rate, Wideband Operational Amplifiers (4 pages) 

9543 

AN543 

New High Speed Switch Offers Sub-50ns Switching Times (7 pages) 

9544 

AN544 

Micropower Op Amp Family HA-51 4 1/42/44 and HA-5151/52/54 (6 pages) 

9546 

AN546 

A Method of Calculating HA-2625 Gain Bandwidth Product vs. Temperature (4 pages) 

9548 

AN548 

A Designers Guide for the HA-5033 Video Buffer (12 pages) 

9549 

AN549 

The HC-550X Telephone Subscriber Line Interface Circuits (19 pages) 

9550 

AN550 

Using the HA-2541 (6 pages) 

9551 

AN551 

Recommended Test Procedures for Operational Amplifiers (6 pages) 

9552 

AN552 

Using the HA-2542 (5 pages) 

9553 

AN553 

HA-5147/37/27, Ultra Low Noise Amplifiers (8 pages) 

9554 

AN554 

Low Noise Family HA-5101/02/04/1 1/12/14 (7 pages) 

9556 

AN556 

Thermal Safe-Operating-Areas for High Current Op Amps (5 pages) 

9571 

AN571 

Using Ring Sync with HC-5502A and HC-5504 SLICs (2 pages) 

9573 

AN573 

The HC-5560 Digital Line Transcoder (6 pages) 

95290 

AN5290 

Integrated-Circuit Operational Amplifiers (20 pages) 

96048 

AN6048 

Some Applications of A Programmable Power Switch/Amp (12 pages) 

96077 

AN6077 

An 1C Operational Transconductance-Amplifier (OTA) With Power Capability (12 pages) 

96182 

AN6182 

Features and Applications of Integrated Circuit Zero-Voltage Switches (CA3058, CA3059 and 
CA3079) (31 pages) 


NOTE: Bold Type Designates Application Notes related to Signal Processing New Releases data book. 
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APPLICATION NOTE LISTING (Continued) 


AnswerFAX 

DOCUMENT 

NUMBER 

APPLICATION 

NOTE 

TITLE 

96386 

AN6386 

Understanding and Using the CA3130, CA3130A and CA3130B BiMOS Operational Amplifiers 
(5 pages) 

96459 

AN6459 

Why Use the CMOS Operational Amplifiers and How to Use it (4 pages) 

96669 

AN6669 

FET-Bipolar Monolithic Op Amps Mate Directly to Sensitive Sources (3 pages) 

96915 

AN6915 

Application of CA1524 Series Pulse-Width Modulator ICs (18 pages) 

97326 

AN7326 

Applications of the CA3228E Speed Control System (16 pages) 

98707 

AN8707 

The CA3450: A Single-Chip Video Line Driver and High Speed Op Amp (14 pages) 

98742 

AN8742 

Application of the CD22402 Video Sync Generator (4 pages) 

98743 

AN8743 

Micropower Crystal-Controlled Oscillator Design Using CMOS Inverters (8 pages) 

98811 

AN8811 

BiMOS-E Process Enhances the CA5470 Quad Op Amp (8 pages) 

98823 

AN8823 

CMOS Phase-Locked-Loop Applications Using the CD54/74HC/HCT4046A and CD54/74HC/ 
HCT7046A (23 pages) 

99202 

AN9202 

Using the HFA1100, HFA1130 Evaluation Fixture (4 pages) 

99305 

AN9305 

HA5020 Operational Amplifier Feedback Resistor Selection (2 pages) 

99314 

AN9314 

Harris UHF Pin Drivers (4 pages) 

99315 

AN9315 

RF Amplifier Design Using HFA3046/3096/31 27/31 28 Transistor Arrays (4 pages) 

99317 

AN9317 

Micropower Clock Oscillator and Op Amps Provide System Control for Battery Operated 
Circuits (2 pages) 

99327 

AN9327 

HC-5509A1 Ring Trip Component Selection (9 pages) 

99334 

AN9334 

Improving Start-Up Time at 32kHz for the HA7210 Low Power Crystal Oscillator (2 pages) 

99415 

AN9415 

Feedback, Op Amps and Compensation (12 pages) 

99420 

AN9420 

Current Feedback Amplifier Theory and Applications (7 pages) AN9420.1 

99502 

AN9502 

Oscillator Produces Quadrature Waves (2 pages) 

99503 

AN9503 

Low Output Impedance MUX (1 pages) 

99507 

AN9507 

Video Cable Drivers Save Board Space, Increase Bandwidth (2 pages) 

9508 

AN9508 

Video Multiplexer Delivers Lower Signal Degradation HIP4081, 80V High Frequency H-Bridge 
Driver (1 pages) 

99510 

AN9510 

Basic Analog for Digital Designers (6 pages) AN9510 

99513 

AN9513 

Component Video Sync Formats (HFA1103) (3 pages) AN9513 

99514 

AN9514 

Video Amplifier with Sync Stripper and DC Restore (HFA1103) (2 pages) AN9514 

LINEAR SPICE MACRO-MODELS 

660001 

MM0001 

HFA-0001 Spice Operational Amplifier Macro-Model (4 pages) 

660002 

MM0002 

HFA-0002 Spice Operational Amplifier Macro-Model (4 pages) 

660005 

MM0005 

HFA-0005 Spice Operational Amplifier Marco-Model (4 pages) 

662500 

MM2 500 

HA2500/02 Spice Operational Amplifier Macro-Model (5 pages) 

662510 

MM2510 

HA-2510/12 Spice Operational Amplifier Macro-Model (4 pages) 

662520 

MM2520 

HA-2520/22 Spice Operational Amplifier Macro-Model (4 pages) 

662539 

MM2539 

HA-2539 Spice Operational Amplifier Macro-Model (4 pages) 

662540 

MM2 540 

HA-2540 Spice Operational Amplifier Macro-Model (4 pages) 

662541 

MM2541 

HA-2541 Spice Operational Amplifier Macro-Model (5 pages) 


NOTE: Bold Type Designates Application Notes related to Signal Processing New Releases data book. 
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APPLICATION NOTE LISTING (Continued) 


AnswerFAX 

DOCUMENT 

NUMBER 

APPLICATION 

NOTE 

TITLE 

662542 

MM2542 

HA-2542 Spice Operational Amplifier Macro-Model (5 pages) 

662544 

MM2544 

HA-2544 Spice Operational Amplifier Macro-Model (5 pages) 

662548 

MM2548 

HA-2548 Spice Operational Amplifier Macro-Model (5 pages) 

662600 

MM2600 

HA-2600/02 Spice Operational Amplifier Macro-Model (5 pages) 

662620 

MM2620 

HA-2620/22 Spice Operational Amplifier Macro-Model (5 pages) 

662839 

MM2839 

HA-2839 Spice Operational Amplifier Macro-Model (4 pages) 

662840 

MM2840 

HA-2840 Spice Operational Amplifier Macro-Model (4 pages) 

662841 

MM2841 

HA-2841 Spice Operational Amplifier Macro-Model (4 pages) 

662842 

MM2842 

HA-2842 Spice Operational Amplifier Macro-Model (4 pages) 

662850 

MM2850 

HA-2850 Spice Operational Amplifier Macro-Model (4 pages) 

663046 

MM3046 

HFA3046/3096/31 27/31 28 Transistor Array Spice Models (4 pages) 

665002 

MM5002 

HA-5002 Spice Buffer Amplifier Macro-Model (4 pages) 

665004 

MM5004 

HA-5004 Spice Current Feedback Amplifier Macro-Model (4 pages) 

665020 

MM5020 

HA-5020 Spice Current Feedback Operational Amplifier Macro-Model (4 pages) 

665033 

MM5033 

HA-5033 Spice Buffer Amplifier Macro-Model (4 pages) 

665101 

MM5101 

HA-5101 Spice Operational Amplifier Macro-Model (5 pages) 

665102 

MM5102 

HA-5102 Spice Operational Amplifier Macro-Model (5 pages) 

665104 

MM5104 

HA-5104 Spice Operational Amplifier Macro-Model (5 pages) 

665112 

MM5112 

HA-51 12 Spice Operational Amplifier Macro-Model (5 pages) 

665114 

MM5114 

HA-51 14 Spice Operational Amplifier Macro-Model (5 pages) 

665127 

MM5127 

HA-5127 Spice Operational Amplifier Macro-Model (4 pages) 

665137 

MM5137 

HA-5137 Spice Operational Amplifier Macro-Model (4 pages) 

665147 

MM5147 

HA-5147 Spice Operational Amplifier Macro-Model (4 pages) 

665190 

MM5190 

HA-5190 Spice Operational Amplifier Macro-Model (4 pages) 

665221 

MM5221 

HA-5221 /22 Spice Operational Amplifier Macro-Model (4 pages) 


For more information, see the AnswerFAX map on page 15-2 and choose catalog item #2, “Linear and Telecom Products”; 
catalog item #3, “Data Acquisition Products”; catalog item #4, “Digital Signal Processing”. 


AnswerFAX Gives You the Information 
You Need. On Your Own Fax. 

• Data Sheets • Application Notes 

• New Products • Technical Briefs 

AnswerFAX provides a full library of information on 
Harris products at your fingertips 24 hours a day. 



NOTE: Bold Type Designates Application Notes related to Signal Processing New Releases data book. 
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Harris Semiconductor 
P. O. Box 883, Mail Stop 53-210 
Melbourne, FL 32902 
TEL: 1-800-442-7747 
(407) 729-4984 
FAX: (407) 729-5321 


ASIA 

Harris Semiconductor PTE Ltd. 
No. 1 Tannery Road 
Cencon 1, #09-01 
Singapore 1334 
TEL: (65) 748-4200 
FAX: (65) 748-0400 


EUROPEAN HEADQUARTERS 

Harris Semiconductor 
Mercure Center 
100, Rue de la Fusee 
1130 Brussels, Belgium 
TEL: 32 2 724 21 11 


TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES 


UNITED STATES CALIFORNIA Calabasas 818-878-7955 

Costa Mesa 714-433-0600 

San Jose 408-985-7322 

FLORIDA Palm Bay 407-729-4984 

GEORGIA Duluth 404-476-2034 

ILLINOIS Schaumburg 708-240-3480 

INDIANA Carmel 317-843-5180 

MASSACHUSETTS Burlington 617-221-1850 

NEW JERSEY Voorhees 609-751-3425 

NEW YORK Hauppauge 516-342-0291 

Wappingers Falls 914-298-1920 

TEXAS Dallas 214-733-0800 

INTERNATIONAL FRANCE Paris 33-1-346-54046 

GERMANY Munich 49-89-63813-0 

HONG KONG Kowloon 852-723-6339 

ITALY Milano 39-2-262-0761 

JAPAN Tokyo 81-3-3265-7571 

KOREA Seoul 82-2-551-0931 

SINGAPORE Singapore 65-748-4200 

TAIWAN Taipei 886-2-716-9310 

UNITED KINGDOM Camberley 44-1276-686886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 
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SALES OFFICES 


North American Sales Offices and Representatives 


July 20, 1995 


ALABAMA 

Harris Semiconductor 
600 Boulevard South 
Suite 103 

Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 

Giesting & Associates 
Suite 1 5 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 

ARIZONA 

Compass Mktg. & Sales, Inc. 

11801 N. Tatum Blvd. #101 

Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 

2410 W. Ruthrauff, Rd. #110 

Tucson, AZ 85705 

TEL: (520) 292-0222 

FAX: 520 292 1008 

CALIFORNIA 
Harris Semiconductor 

* 1 503 So. Coast Drive 
Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 
Harris Semiconductor 

* 3031 Tisch Way 
1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 
CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 1 02 

San Diego, CA 92111 
TEL: (619) 279-0420 
FAX: 619 279 7650 
Ewing Foley, Inc. 

185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 
Ewing Foley, Inc. 

1 0495 Bandiey Avenue 
Cupertino, CA 95014-1972 
TEL: (408) 342-1200 
FAX: 408 342 1201 
Vision Technical Sales, Inc. 

* 26010 Mureau Road 
Suite 1 40 

Calabasas, CA 91302 
TEL: (818) 878-7955 
FAX: 818 878 7965 

CANADA — — 

Blakewood Electronic 
Systems, Inc. 

#201 - 7382 Winston Street 
Burnaby, BC 
Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


Clark Hurman Associates 
Unit 14 

20 Regan Road 
Brampton, Ontario 
Canada L7A IC3 
TEL: (905) 840-6066 
FAX: 905 840-6091 
308 Palladium Drive 
Suite 200 
Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 

78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 
TEL: (514) 426-0453 
FAX: 514 426 0455 

COLORADO 

Compass Mktg. & Sales, Inc. 

5600 So. Quebec St. 

Suite 350D 

Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 

CONNECTICUT 
Advanced Tech. Sales, Inc. 
Westview Office Park 
Bldg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 

FLORIDA ~ ” 

Harris Semiconductor 

* 2401 Palm Bay Rd. 

Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 
Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 
FAX: 407 723 3845 
Sun Marketing Group 
905 Northern Dancer Way #107 
Casselberry, FL 32707 
TEL: (407) 699-3036 
FAX: 407 699 3075 
Sun Marketing Group 
4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 
TEL: (813) 536-5771 
FAX: 813 536 6933 
Sun Marketing Group 
600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (305) 429-1077 
FAX: 305 429 0019 


GEORGIA 

Giesting & Associates 

* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 

TEL: (404) 476-0025 
FAX: 404 476 2405 

ILLINOIS 

Harris Semiconductor 

* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (708) 240-3480 

FAX: 708 619 1511 
Oasis Sales 
1101 Tonne Road 
Elk Grove Village, IL 60007 
TEL: (708) 640-1850 
FAX: 708 640 9432 

INDIANA 

Harris Semiconductor 

* 11590 N. Meridian St. 

Suite 100 

Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 
Giesting & Associates 
370 Ridgepoint Dr. 

Carmel, IN 46032 
TEL: (317) 844-5222 
FAX: 317 844 5861 

IOWA 

Oasis Sales 

4905 Lakeside Dr., NE 
Suite 203 

Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 

KANSAS 

Advanced Tech. Sales, Inc. 

601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 

KENTUCKY 
Giesting & Associates 

204 Pintail Court 
P.O. Box 909 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 

MARYLAND 
New Era Sales, Inc. 

890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEI: (410)761-4100 
FAX: 410 761-2981 

MASSACHUSETTS ~ ~ 

Harris Semiconductor 

* Six New England Executive Pk. 
Burlington, MA 01803 

TEL: (617) 221-1850 
FAX: 617 221 1866 


Advanced Tech Sales, Inc. 

348 Park Street, Suite 1 02 
Park Place West 
N. Reading, MA 01864 
TEL: (508) 664-0888 
FAX: 508 664 5503 

MICHIGAN 

Harris Semiconductor 

* 27777 Franklin Rd., Suite 460 
Southfield, Ml 48034 

TEL: (810) 746-0800 
FAX: 810 746 0516 
Giesting & Associates 
34441 Eight Mile Rd., Suite 113 
Livonia, Ml 48152 
TEL: (810) 478-8106 
FAX: 810 477 6908 

MINNESOTA “ 

Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 

MISSOURI 

Advanced Tech. Sales 

13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 291 7958 

NEBRASKA 

Advanced Tech. Sales, Inc. 

601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 

NEW JERSEY 
Harris Semiconductor 

* Plaza 1 000 at Main Street 
Suite 104 

Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 
Harris Semiconductor 
724 Route 202 
P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 
Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 

NEW MEXICO 

Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 


* Field Application Assistance Available 
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North American Authorized Distributors (Continued) 
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ALABAMA 

Arrow/Schweber 

Huntsville 

TEL: (205) 837-6955 

Hamilton Hallmark 

Huntsville 

TEL: (205) 837-8700 

Wyle Electronics 

Huntsville 

TEL: (205) 830-1119 

Zeus, An Arrow Company 

Huntsville 

TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ARIZONA 

Alliance Electronics, Inc. 

Scottsdale 

TEL: (602) 483-9400 

Arrow/Schweber 

Tempe 

TEL: (602) 431-0030 

Hamilton Hallmark 

Phoenix 

TEL: (602) 437-1200 

Wyle Electronics 

Phoenix 

TEL: (602) 804-7000 

Zeus, An Arrow Company 

Tempe 

TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CALIFORNIA 

Arrow/Schweber 

Calabasas 

TEL: (818) 880-9686 

Fremont 

TEL: (408) 432-7171 
Irvine 

TEL: (714) 587-0404 
San Diego 

TEL: (619) 565-4800 
San Jose 

TEL: (408) 441-9700 

Hamilton Hallmark 

Costa Mesa 

TEL: (714) 641-4100 

Los Angeles 

TEL: (818) 594-0404 

Sacramento 

TEL: (916) 632-4500 

San Diego 

TEL: (619) 571-7540 

San Jose 

TEL: (408) 435-3500 

Wyle Electronics 

Calabasas 

TEL: (818) 880-9000 

Irvine 

TEL: (714) 789-9953 
Rancho Cordova 
TEL: (916) 638-5282 
San Diego 
TEL: (619) 565-9171 
Santa Clara 
TEL: (408) 727-2500 


Zeus, An Arrow Company 

San Jose 

TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
Irvine 

TEL: (714) 921-9000 
TEL: (800) 52-HI-REL 


CANADA 

Arrow/Schweber 

Burnaby, British Columbia 
TEL: (604) 421-2333 
Dorval, Quebec 
TEL: (514) 421-7411 
Nepan, Ontario 
TEL: (613) 226-6903 
Mississagua, Ontario 
TEL: (905) 670-7769 
Farnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 421-6222 
Calgary, Alberta 
TEL: (403) 273-2780 
Concord, Ontario 
TEL: (416) 798-4884 
V. St. Laurent, Quebec 
TEL: (514) 697-8149 
Nepean, Ontario 
TEL: (613) 596-6980 
Winnipeg, Manitoba 
TEL: (204) 786-2589 
Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 
Montreal 

TEL: (514) 335-1000 
Ottawa 

TEL: (613) 226-1700 
Vancouver, B.C. 

TEL: (604) 420-4101 
Toronto 

TEL: (905) 564-6060 

COLORADO 

Arrow/Schweber 

Englewood 

TEL: (303) 799-0258 

Hamilton Hallmark 

Denver 

TEL: (303) 790-1662 
Colorado Springs 
TEL: (719) 637-0055 

Wyle Electronics 
Thornton 

TEL: (303) 457-9953 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 
Alliance Electronics, Inc. 

Shelton 

TEL: (203) 926-0087 

Arrow/Schweber 

Wallingford 

TEL: (203) 265-7741 

Hamilton Hallmark 

Danbury 

TEL: (203) 271-2844 


Zeus, An Arrow Company 

TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 

FLORIDA 

Arrow/Schweber 

Deerfield Beach 
TEL: (305) 429-8200 
Lake Mary 

TEL: (407) 333-9300 

Hamilton Hallmark 

Miami 

TEL: (305) 484-5482 
Orlando 

TEL: (407) 657-3300 
Largo 

TEL: (813) 541-5016 
Wyle Electronics 
Fort Lauderdale 
TEL: (305) 420-0500 
St. Petersburg 
TEL: (813) 576-3004 
Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


GEORGIA 

Arrow/Schweber 

Duluth 

TEL: (404) 497-1300 

Hamilton Hallmark 

Atlanta 

TEL: (404) 623-4400 

Wyle Electronics 

Duluth 

TEL: (404) 441-9045 
Zeus, An Arrow Company 

TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 

ILLINOIS 

Arrow/Schweber 

Itacra 

TEL: (708) 250-0500 

Hamilton Hallmark 

Chicago 

TEL: (708) 773-7941 

Newark Electronics, Inc. 

Chicago 

TEL: (312) 907-5436 

Wyle Electronics 

Addison 

TEL: (708) 620-0969 

Zeus, An Arrow Company 

ItsiQra 

TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 

INDIANA 

Arrow/Schweber 

Indianapolis 
TEL: (317) 299-2071 

Hamilton Hallmark 

Carmel 

TEL: (317) 575-3500 
Zeus, An Arrow Company 

TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 

Arrow/Schweber 

Cedar Rapids 
TEL: (319) 395-7230 
Hamilton Hallmark 
Cedar Rapids 
TEL: (319) 362-4757 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

KANSAS 

Arrow/Schweber 

Lenexa 

TEL: (913) 541-9542 
Hamilton Hallmark 
Kansas City 
TEL: (913) 888-4747 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MARYLAND 

Arrow/Schweber 

Columbia 

TEL: (301) 596-7800 

Hamilton Hallmark 

Columbia 

TEL: (410) 720-3400 

Wyle Electronics 

Columbia 

TEL: (410)312-4844 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 

Arrow/Schweber 

Wilmington 

TEL: (508) 658-0900 

Gerber Electronics 

Norwood 

TEL: (617) 769-6000 

Hamilton Hallmark 

Peabody 

TEL: (508) 532-9893 

Wyle Electronics 

Bedford 

(617) 271-9953 

Zeus, An Arrow Company 

Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


MICHIGAN 

Arrow/Schweber 

Livonia 

TEL: (313) 462-2290 

Hamilton Hallmark 

Plymouth 

TEL: (313) 416-5800 
Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


* Field Application Assistance Available 
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North American Authorized Distributors (Continued) 
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MINNESOTA 
Alliance Electronics, Inc. 
Burnsville 

TEL: (612) 891-1813 

Arrow/Schweber 

Eden Prarie 

TEL: (612) 941-5280 

Hamilton Hallmark 

Minneapolis 

TEL: (612) 881-2600 

Wyle Electronics 

Minneapolis 

TEL: (612) 853-2280 

Zeus, An Arrow Company 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MISSOURI 

Arrow/Schweber 

St. Louis 

TEL: (314) 567-6888 

Hamilton Hallmark 

St. Louis 

TEL: (31 4) 291-5350 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEW JERSEY 
Arrow/Schweber 

Marlton 

TEL: (609) 596-8000 
Pinebrook 

TEL: (201)227-7880 
Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 
Parsippany 
TEL: (201) 515-1641 
Wyle Electronics 
Mt. Laurel 

TEL: (609) 439-9110 
Pine Brook 
TEL: (201)882-8358 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 
Hamilton Hallmark 

Albuquerque 
TEL: (505) 828-1058 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


NEW YORK 

Alliance Electronics, Inc. 

Huntington 

TEL: (51 6) 673-1930 

Arrow/Schweber 

Farmingdale 

TEL: (516) 293-6363 

Hauppauge 

TEL: (51 6) 231-1000 

Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 

TEL: (716) 427-0300 
Hamilton Hallmark 
Long Island 
TEL: (516) 434-7400 

Hauppauge 

TEL: (516) 434-7470 

Rochester 

TEL: (716) 272-2740 
Zeus, An Arrow Company 
Pt. Chester 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NORTH CAROLINA 
Arrow/Schweber 

Raleigh 

TEL: (919) 876-3132 

EMC 

Charlotte 

TEL: (704) 394-6195 

Hamilton Hallmark 

Raleigh 

TEL: (919) 872-0712 

Wyle Electronics 

Raleigh 

TEL: (919) 481-3737 
TEL: 800-950-9953 
Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 

Alliance Electronics, Inc. 
Dayton 

TEL: (513) 433-7700 

Arrow/Schweber 

Solon 

TEL: (216) 248-3990 

Centerville 

TEL: (513) 435-5563 

EMC 

Columbus 

TEL: (614) 299-4161 
Hamilton Hallmark 
Cleveland 

TEL: (216) 498-1100 
Columbus 

TEL: (614) 888-3313 
Dayton 

TEL: (513) 439-6735 
Toledo 

TEL: (419) 242-6610 

Wyle Electronics 

Cleveland 

TEL: (216) 248-9996 
Zeus, An Arrow Company 

TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 


OKLAHOMA 

Arrow/Schweber 

Tulsa 

TEL: (918) 252-7537 

Hamilton Hallmark 

Tulsa 

TEL: (918) 254-6110 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 

Almac/Arrow 

Beaverton 

TEL: (503) 629-8090 

Hamilton Hallmark 

Portland 

TEL: (503) 526-6200 

Wyle Electronics 
Beaverton 

TEL: (503) 643-7900 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 

Arrow/Schweber 

Pittsburgh 

TEL: (412) 856-9490 
Hamilton Hallmark 
Pittsburgh 

TEL: (800) 332-8638 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


TEXAS 

Allied Electronics, Inc. 

Ft. Worth 

TEL: (800) 433-5700 

Arrow/Schweber 

Austin 

TEL: (512) 835-4180 
Dallas 

TEL: (214) 380-6464 
Houston 

TEL: (713) 647-6868 

Hamilton Hallmark 

Austin 

TEL: (512)219-3700 

TEL: (214) 553-4300 
Houston 

TEL: (713) 781-6100 

Wyle Electronics 

Austin 

TEL: (512) 345-8853 
Houston 

TEL: (713) 879-9953 

Richardson 

TEL: (214) 235-9953 

Zeus, An Arrow Company 

Carrollton 

TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


UTAH 

Arrow/Schweber 

Salt Lake City 
TEL: (801) 973-6913 
Hamilton Hallmark 
Salt Lake City 
TEL: (801)266-2022 
Wyle Electronics 
Orem 

TEL: (801)226-0991 
West Valley City 
TEL: (801) 974-9953 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WASHINGTON 

Almac/Arrow 

Bellevue 

TEL: (206) 643-9992 

Hamilton Hallmark 

TEL: (206) 882-7000 

Wyle Electronics 
Redmond 

TEL: (206) 881-1150 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WISCONSIN 

Arrow/Schweber 

Brookfield 

TEL: (414) 792-0150 

Hamilton Hallmark 

Milwaukee 

TEL: (414) 780-7200 

Wyle Electronics 

Brookfield 

TEL: (414) 879-0434 
Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 
Chip Distributors 

Chip Supply, Inc. 

7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 
Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 
FAX: (818) 767-7038 
Minco Technology Labs, Inc. 
1 805 Rutherford Lane 
Austin, TX 78754 
TEL: (512) 834-2022 
FAX: (512) 837-6285 


Puerto Rican 
Authorized Distributor 

Hamilton Hallmark 

El Senorail M/S Box 862 
San Juan, PR 00926 
TEL: (809) 760-1158 
FAX: 809 754-4356 


South American 
Authorized Distributor 

Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 

Graftec Brasil Ltda. 

Rua baroneza De ITU 336 - 5 
01231-000 -Sao Paulo - SP 
TEL: 55-11-826-5407 
FAX: 55-11-826-6526 


* Field Application Assistance Available 
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European Sales 
Headquarters 

Harris S. A. 

Mercure Center 
Rue de la Fusee 1 00 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
FAX: 32 2 724 2205/... 09 


DENMARK 
Delco AS 

Titangade 15 
DK - 2200 Copenhagen N 
TEL: 45 35 82 12 00 
FAX: 45 35 82 12 05 


FINLAND 

J. Havulinna & Son 

Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 


FRANCE 

Harris Semiconducteurs SARL 

* 2-4, Avenue de I'Europe 
F - 78941 Velizy Cedex 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 


GERMANY 

Harris Semiconductor GmbH 

* Putzbrunnerstrasse 69 
D-81739 Munchen 
TEL: 49 89 63813-0 
FAX: 49 89 6377891 


Harris Semiconductor GmbH 

Kieler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 
Harris Semiconductor GmbH 
Wegener Strasse, 5/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 
Ecker Micheistadt GmbH 
In den Dorfwiesen 2A 
Postfach 33 44 
D - 64720 Micheistadt 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 
Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 
FINK Handelsvertretung 
Laurinweg, 1 
D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 
Hartmut Welte 
Hepbacher Strasse 11 A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 


ISRAEL 

Aviv Electronics Ltd 

Hayetzira Street, 4 Ind. Zone 

IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 983232 

FAX: 972 9 916510 


ITALY 
Harris SRL 

* Viale Fulvio Testi, 126 
1-20092 Cinisello Balsamo, 
(Milan) 

TEL: 39 2 262 07 61 

(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 

FAX: 39 2 262 22 158 (ROSE) 


NETHERLANDS 
Harris Semiconductor SA 
Benelux OEM Sales Office 

Kouterstraat 6 
NL - 5345 AR Oss 
TEL: 31 4120 38561 
FAX: 31 4120 34419 


SPAIN 
EIcos S. L. 

C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 

TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


TURKEY 

EMPA 

Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


UNITED KINGDOM 
Harris Semiconductor Ltd 

* Riverside Way 
Camberley 
Surrey GU 1 5 3YQ 
TEL: 44 1276 686 886 
FAX: 44 1276 682 323 
Laser Electronics 
Ballynamoney 
Greenore 
Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 
Complementary 
Technologies Ltd 
Redgate Road 
South Lancashire, Ind. Estate 
Ashton-ln-Makerfield 
Wigan, Lancs WN4 8DT 
TEL: 44 1942 274 731 
FAX: 44 1942 274 732 
Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 1555 751566 
FAX: 44 1555 751562 


European Authorized Distributors 


AUSTRIA 

Avnet E2000 GmbH 
WaidhausenstrasSe 1 9 
A - 1140 Wien 
TEL: 43 1 9112847 
FAX: 43 1 9113853 
EBV Elektronik 
* Diefenbachgasse 35/6 
A - 1150 Wien 
TEL: 43 1 89 41 774 
FAX: 43 1 89 41 775 
Eurodis Electronics GmbH 
Lamezanstrasse 10 
A - 1232 Wien 
TEL: 43 1 610 620 
FAX: 43 1 610 62 151 
Spoerle Electronic 
Heiligenstadter Str. 52 
A- 11 90 Wien 
TEL: 43 1 31872700 
FAX: 43 1 3692273 


BELGIUM 
Diode Spoerle 

* Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 
EBV Elektronik 

* Excelsiorlaan 35B 
B - 1 930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 
Eurodis Texim Electronics 

* Avenue des Croix de 
Guerre 1 1 6 

B - 1120 Brussels 
TEL: 32 2 247 49 69 
FAX: 32 2 215 81 02 


DENMARK 
Avnet Nortec 

Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 


Ditz Schweitzer 

Vallensbaekvej 41 
Postboks 5 
DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 


FINLAND 
Avnet Nortec 

Italahdenkatu, 18 
SF- 00210 Helsinki 
TEL: 358 061 318250 
FAX: 358 069 22326 

Bexab 

Sinimaentie 10C 
P.O. Box 51 
SF - 02630 ESPOO 
TEL: 358 061 352 690 
FAX: 358 061 352 655 


FRANCE 

3D 

Zl des Glaises 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 
Avnet EMG France 
79, Rue Pierre Semard 
P.B. 90 

F-92322 Chatillon Sous Bagneux 
TEL: 33 1 49 65 25 00 
FAX: 33 1 49 65 25 39 
CCI Electronique 
12, Allee de la Vierge 
Silic 577 

F - 94653 Rungis 

TEL: 33 1 41 80 70 00 

FAX: 33 1 46 75 32 07 

EBV Elektronik 

Parc Club de la Haute Maison 

16, Rue Galilee 

Cite Descartes 

F - 77420 Champs-sur-Marne 
TEL: 33 1 64 68 86 09 
FAX: 33 1 64 68 27 67 
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Harris Semiconductor 
Chip Distributors 

Edgetek/Rood Tech 

Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 
Elmo 

Z. A. De La Tuilerie 
B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 33 1 34 77 16 16 
FAX: 33 1 34 77 95 79 
TWX: 699737 
Hybritech CM (HCM) 

7, Avenue Juliot Curie 
F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 
FAX: 33 46 45 04 44 
TWX: 793034 

EASTERN COUNTRIES 
HEV GmbH 

Berliner Strasse, 8 
D- 15537 Erkner 
TEL: 49 3362 580120 
FAX: 49 3362 580111 

GERMANY " 

Avnet/E2000 

* Stahlgruberring, 12 
D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 
EBV Elektronik GmbH 

* Hans-Pinsel-Strasse 4 

D - 85540 Haar-bei-Munchen 
TEL: 49 89 45610-0 
FAX: 49 89 464488 
Eurodis Enateehnik 
Electronics GmbH 

* Pascalkehre, 1 

D - 25451 Quickborn 
P.B. 1240 

D - 25443 Quickborn 
TEL: 49 4106 701-0 
FAX: 49 4106 701 268 
Indeg Industrie Elektronik 
Emil Kommerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 
D - 66924 Pirmasens 
TEL: 49 6331 9 40 65 
FAX: 49 6331 9 40 64 
Sasco/HED Semiconductor 

* Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL: 49 89 46 11-0 
FAX: 49 89 46 11-270 
Spoerle Electronic 

* Max-Planck Strasse 1-3 

D - 63303 Dreieich-bei-Frankfurt 
TEL: 49 6103 304-8 
FAX: 49 6106 3 04-201 


GREECE 
Semicon Co. 

1 04 Aeolou Street 
GR- 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 

ISRAEL ~ 

Aviv Electronics 

Hayetzira Street 4, Ind. Zone 

IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 983232 

FAX: 972 9 916510 

ITALY ~ ~ 

EBV Elektronik 

* Via C. Frova, 34 

I - 20092 Cinisello Balsamo (Ml) 
TEL: 39 2 660 17111 
FAX: 39 2 660 17020 
Eurelettronica 
Via Enrico Fermi, 8 
I - 20090 Assago (Ml) 

TEL: 39 2 457 841 
FAX: 39 2 488 02 75 
Lasi Elettronica 
Viale Fulvio Testi 280 
1-20126 Milano 
TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 
Silverstar 

Viale Fulvio Testi 280 
1-20126 Milano 
TEL: 39 2 66 12 51 
FAX: 39 2 66 10 1359 

NETHERLANDS ~ * 

Auriema Nederland BV 

* Beatrix de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40 510255 
Diode Spoerle 

* Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 3402 912 34 
FAX: 31 3402 359 24 
Diode Spoerle 
Postbus 7139 
NL - 5605 JC Eindhoven 
TEL: 31 40 54 54 30 
FAX: 31 40 53 55 40 
EBV Elektronik 

* Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 
FAX: 31 3465 642 77 

NORWAY 
Avnet Nortec 

Smedsvingen 4B 
Box 123 

N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 

Amitron-Arrow 

Quinta Grande, Lote 20 
Alfragide 

P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 

SPAIN ^ 

Amitron-Arrow S.A. 

Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX: 34 1 327 24 72 
EBV Elektronik 

* Calle Maria Tubau, 6 
SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX: 34 1 358 85 60 

SWEDEN 
Avnet Nortec 

Englundavagen 7 
P.O. Box 1830 
S- 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 
Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 
S- 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 

SWITZERLAND 
Avnet E2000 AG 

Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 
Basix Fur Elektronik 
Hardturmstrasse 181 
CH- 8010 Zurich 
TEL: 41 1 2 76 11 11 
FAX: 41 1 2761234 
EBV Elektronik 

* Vorstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 740 10 90 
FAX: 41 1 741 51 10 
Eurodis Electronic AG 
Bahnstrasse 58/60 

CH - 8105 Regensdorf 
TEL: 41 1 84 33 111 
FAX: 41 1 84 33 910 
Fabrimex Spoerle 
Cherstrasse 4, B.P.B. 

CH - 8152 Zurich 
TEL: 41 1 874 6262 
FAX: 41 1 874 6200 

TURKEY 

EMPA 

Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 212 599 3050 
FAX: 90 212 599 3059 


UNITED KINGDOM 
Arrow-Jermyn Electronic 
Vestry Industrial Estate 
Sevenoaks 
Kent TN14 5EU 
TEL: 44 1234 270027 
FAX: 44 1732 451251 
Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 1462 488500 
FAX: 44 1462 488567 
Farnell Electronic 
Components 
Arm ley Road, Leeds 
West Yorkshire LSI 2 2QQ 
TEL: 44 1132 790101 
FAX: 44 1132 633404 
Farnell Electronic 
Services 
Edinburgh Way. 

Harlow 

Essex CM20 2DE 
TEL: 44 1279 626777 
FAX: 44 1279 441687 
Micromark Electronics 
Boyn Valley Road 
Maidenhead 
Berkshire SL6 4DT 
TEL: 44 1628 76176 
FAX: 44 1628 783799 
Thame Components 
Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 1844 261188 
FAX: 44 1844 261681 


Harris Semiconductor 
Chip Distributors 

Die Technology Ltd. 

Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 
Rood Technology 
Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 
FAX: 44 420 87259 
TWX: 21137 


South African 
Authorized Distributor 

TRANSVAAL 

Allied Electronic Components 

1 0, Skietlood Street 
Isando, Ext. 3, 1600 
P.O. Box 69 
Isando, 1600 

TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 
FAX: 27 11 974 9683 
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JAPAN 
Harris K.K. 

Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 

HONG KONG 

Harris Semiconductor H.K. 
Ltd. 

13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 2723-6339 
FAX: (852) 2739-8946 
TLX: 78043645 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


INDIA 

Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 


KOREA 

Harris Semiconductor YH 
RM #419-1 

Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 
H.B. Corporation 
135-260, 5th/FI, Aju Bldg. 
184-11, Poi-Dong, 
Kangnam-Ku, Seoul 
TEL: 82(02) 579-3495-6, 
579-6918 

FAX: 82(02) 579-6919-703 
Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 

Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 
KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 

19 Pretoria Street 
Lower Hutt 
P.O. Box 38-099 
Wellington 

TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


SINGAPORE 

Harris Semiconductor Pte Ltd. 

1, Tannery Road #09-01 
Cencon 1, Singapore 1334 
TEL: 65-748-4200 
FAX: 65-748-0400 


TAIWAN 

Harris Semiconductor 

Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (886) 2-716-9310 
FAX: (886) 2-715-3029 
TLX: 78525174 


AUSTRALIA 
VSI Electronics Pty, Ltd. 

Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 

CHINA 

Edal Electronics Co., Ltd. 

Room 911-913, Chevalier 
Commercial Centre, 

8, Wang Hoi Road, 

Kowloon Bay, 

Kowloon, Hong Kong 
TEL: (852) 2305-3863 
FAX: (852) 2759-8225 
Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Horn, Kowloon 
TEL: (852) 2334-8188 
FAX: (852) 2334-8649 
Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon 

TEL: (852) 2790-8073 
FAX: (852) 2763-5477 


HONG KONG 
Array Electronics Limited 

24/F., Wyler Centre, Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 

TEL: (852) 2418-3700 
FAX: (852) 2481-5872 
Inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 
New Territories 
TEL: (852)2410-6555 
FAX: (852) 2401-2497 
Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 
Hi-Tech Ind. Centre 
5-12 PakTin Par St., 
TsuenWan 
New Territories, H.K. 

TEL: (852) 2499-3109 
FAX: (852) 2417-0961 


Applied Component Tech. 
Corp. 

8F No. 233-1, Pao-Chia Road 
Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 
FAX: (886) 29171895 
Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: (886) 2-708-7901 


INDIA 

Graftec Electronic Sales Inc. 

49 J.C. Road, 

Bangalore-560002 

TEL: (91) 80 2233346/2225688 

FAX: (91) 80 2226490 


JAPAN 

Hakuto Co., Ltd. 

1- 1-13 Shinjuku Shinjuku-ku 
Tokyo 1 60 

TEL: 81-3-3355-7615 
FAX: 81-3-3355-7680 

Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 

2- 7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 
Macnica Inc. 

Hakusan High Tech Park 

1- 22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 
FAX: 045-939-6117 
Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 
FAX: 03-3317-9917 
Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2- 3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 03-3564-6871 
FAX: 03-3564-6870 
Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 
FAX: 03-3357-5034 


KOREA 

KumOh Electric Co., Ltd. 

203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


TECO Enterprise Co., Ltd. 

10FL., No. 292 
Min-Sheng W. Rd. 

Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


THAILAND 

Electronics Source Co., Ltd. 
138BanmohRd. 

Pranakorn, Bangkok 10200 
TEL: 66 2 2264145 
FAX: 66 2 2254985 


Inhwa Company, Ltd. 

Room #305, Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 

Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 

19 Pretoria Street, Lower Hutt 
P.O. Box 38-099 
Wellington 

TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


SINGAPORE 

B.B.S Electronics Pte, Ltd. 
1 Genting Link 
#05-03 Perfect Indust. Bldg. 
Singapore 1 334 
TEL: (65) 748-8400 
FAX: (65) 748-8466 


TAIWAN 

Applied Component Tech. 
Corp. 

8F No. 233-, 1 Pao-Chial Road 
Hsin Tien City, Taipei Hsein, 
TEL: (02) 9170858 
FAX: (02)9171895 
Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: (886) 2- 708-7901 
TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


THAILAND 

Electronics Source Co., Ltd. 
138Banmoh Rd. 

Pranakorn, Bangkok 10200 
TEL: 66 2 2264145 
FAX: 66 2 2254985 


Asian Pacific Authorized Distributors 
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We’re Backing You Up with Products, Support, and Solutions! 


Signal Processing 

• Linear/RF 

• Data Conversion 

• DSP Functions 

• Communication ICs 

• Telecom Line Card ICs 

• Operational Amplifiers 

• Multiplexers/Switches 

• Sample and Hold 

• Data Converters 

• PRISM™ Chipset 

Power Products 

• Power MOSFETs 

• IGBTs 

• MCTs 

• Bipolar 

• Transient Voltage 
Suppressors 

• MOVs 

• Rectifiers 

• Surgectors 

• ML Vs 

• Intelligent Discretes 


Intelligent Power 

• MOSFET Drivers 

• Power Drivers 

• DC to DC Converters 

• AC to DC Converters 

• Protection Circuits 

• Multiplex Communication 

• Application Specific 
Standard Products 

Digital 

• CMOS Microprocessors 
and Peripherals 

• CMOS Microcontrollers 

• CMOS Logic 

• CMOS Memories 


Military & Space 1C Products 

• Logic 

- CD4000 

- HCS/HCTS High Speed 

- ACS/ACTS Advanced 

• Signal Processing 

- Multiplexers 

- Sample and Hold 

- Communication Circuits 

- Switches 

- Data Converters 

- Operational Amplifiers 

• Memories 

- SRAMs 

- PROMs 

• Microprocessors and 
Peripherals 

• Microcontrollers 

• Discrete Power 

- Bipolar 

- N-Channel MOSFETs 

- P-Channel MOSFETs 

• ASICs 

• ESA SCC 9000 and 
QML Screening 


PRISM' M is a trademark of Harris Corporation 
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